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ABSTRACT 
The present study focuses on the taxonomy, ecology and biology of rotifers 
along the south-west coast of Kerala, India. Species composition , population 
density and distribution of rotifers in relation to various abiotic and biotic 
parameters were investigated at three stations in Veli - Aakulam and at two 
stations in Poonthura estuaries from February 2000 to January 2001 . Based on 
a review of the history of taxonomy, a comprehensive and systematic study on 
brachionid family was conducted realizing its importance as potential live feed 
in aquaculture practices in India. Forty four species of rotifers belonging to 16 
genera and 12 families are recorded. Among these, Brachionus dichotomus 
reductus, B. kostei and B. urceolatis nilsoni are new records for India and B. 
quadtidentatus mirabilis and B. calyciflorus borgerti are new records for Kerala. 
The three species under the B. plicatilis complex are taxonomically segregated 
and redescribed. Similarly, B. havanaensis trahea is recovered and redescribed 
from India for the first time. Its earlier name was B. forficula keralaiensis from 
Irinjalakuda (Kerala) as a variety of B. forficula . Many are common and 
cosmopolitan. Presence of B. dichotomus reductus and B. kostei in Indian 
waters, considered earlier as endemic Australian species, has thrown new light 
on the discontinuous distribution as well as the close affinity of the fauna 
between India and Australia. The impact of physico - chemical parameters and 
algal blooms on the occurrence, abundance and species composition of rotifers 
in two estuaries are delineated. Salinity and nutrients significantly correlate with 
the estuarine abundance while algal blooms appear to be the most important 
, factor especially in Veli-Aakulam. B. angulatis, B. plicatilis, B. calyciflorus and 
F. longiseta are the dominants in Veli-Aakulam, whereas B. angulatis, B. 
calyciflorus, Keratel/a cochleatis and Polyarthra vulgatis in Poonthura. High 
population density resulted in low species diversity and vice-versa in the study 
area. The impact of salinity, temperature, feed type and feed concentration on 
reproductive potential and life table parameters of six brachionid rotifers namely 
Brachionus angulatis, B. caudatus, B. calyciflorus, B. plicatilis, B. murray and 
B. rotundiformis are studied. Of these, population dynamic studies on B. 
angulatis, B. caudatus and B. calyciflorus in India are conducted for the first 
time. The results suggest that all the variables significantly influenced the 
reproductive potential, fecundity, lifespan and growth of the species individually 
and in turn interacted with each other in varying magnitudes. The optimum 
salinity for the maximum production of B. angulatis, B. caudatus and B. 
calyciflorus is registered at 0.5 ppt, whereas the same for B. plicatilis, B. murray 
and B. rotundiformis is at 5 ppt, 10 ppt and 15 ppt respectively. The influence of 
finfish (Ttichogaster leen) larval age on the rotifers of different sizes illustrated 
a significant relationship between the larval age and size of the prey. The 
suitability of rotifers as live feed for the tiger shrimp (Penaeus monodon) larvae 
is evaluated and the survival is significantly higher in the diet with rotifer group 
than in the diet without rotifers. 
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PREFACE 
With an extensive coastline of 8129km, 0.5 million km2 of continental shelf, 
2.02 m km2 of EEZ and an annual fishery potential of around 3.9mt the Indian 
marine fishing sector plays a significant role in the economy of the country 
through employment generation, foreign exchange earning and above all by 
providing cheap protein rich food for the people. However, the Indian fishery is 
confronting serious problems since the capture fishery would attain the maximum 
sustainable yield in the near future. Taking into consideration the growing 
demand for seafood in the domestic and foreign sectors, and the near - optimal 
exploitation of stocks in the inshore waters and the potential yield in the EEZ, 
greater emphasis has to be given to scientific, sustainable mariculture. 
Therefore, the need of the hour is to evolve suitable technologies for controlled 
breeding, seed production, feed formulation and farming technologies for all 
cultivable species of finfish and shellfish . In India, brackish or marine farming is 
restricted to shrimp farming , owing to the high export potential of penaeid shrimp. 
But the shrimp farming sector encountered problems of disease out breaks and 
this sector has become less profitable. Though the technology of farming and 
artificial seed propagation of a few fishes such as mullets (Mugi/ cepha/us) , 
milkfish (Chanos chanos) and pearlspot (Etrop/us suratensis) have been 
developed, the successful commercial culture of these fishes is yet to be 
perfected. Similarly, commercial mariculture of the potential species such as 
groupers, lobsters and crabs along the coastal belt has not been established till 
date in India. The major constraint is the non-availability of indigenous 
technology for the hatchery production of finfish and shellfish seeds in adequate 
quantities. At present there is only one finfish hatchery in the country, established 
by the elBA for seabass (Lates ca/carifer) seed production , and that explains the 
present status of marine finfish culture in India. Though induced breeding of 
mullets (Mugi/ cepha/us and Liza macro/epis) had been successfully carried out 
(Abraham et a/. , 1995, 1999), larval rearing on a commercial scale was not 
successful. Similarly, CMFRI has succeeded in breeding the grouper 
Epinephe/us tauvina another fast growing fish with great national · and 
international demand, but the larval rearing of this species was also not 
successful. Therefore, spawning and captive brood stock development and 
development of proper technology for the hatchery production of seed for all 
potential fish species is the challenging tasks facing marine and brackish water 
fisheries research organizations. 
One major problem in mariculture is the successful larval rearing of marine 
fishes in the hatchery, since most of the larvae generally hatch at an early stage 
in their development. These small larvae (most of them in the range of 2 mm to 7 
mm in total length) lack functional organs at the time of hatching and have 
relatively small yolk reserves. The onset of exogenous feeding is concurrent with 
the primitive digestive system as well as the small mouth gape critical for 
successful first feeding . Therefore, nutrition at this early stage is very critical , and 
larval survival is entirely dependent on the availabil ity of first feeds in sufficient 
quantities. Once this problem is solved through suitable nutritionally enriched 
feeds, either live or formulated , a major breakthrough could be achieved in 
mariculture. Because of the advantages of easy availabi lity, of not contaminating 
the water in the rearing tanks, high palatability, high acceptability and promoting 
high growth rates, live feeds are considered the most suitable first feeds for 
finfish and shellfish larvae. Therefore, the success of a finfish hatchery, 
especially in the early larval stage is exclusively dependent on the production of 
high quality live feed organisms in sufficient quantities. Thus, live feed production 
has become the backbone of the larviculture industry. However, at present in 
India one of the major bottlenecks in commercial larval rearing of marine 
organisms is the non-availability of large quantities of suitable live feed 
organisms at the right time. Hence, the live feed production and its successful 
II 
utilization have become one of the indispensable aspects in many hatchery 
operations. 
live feeds are small microorganisms available in nature. They are single 
cell proteins or multicell proteins such as algae, rotifers , cladocerans, mysids, 
Artemia and the like. Among the live feeds, microalgae are very important food 
for the commercial culture of bivalves, crustaceans and other zooplankters. 
Among zooplankters, rotifers are considered an excellent food for newly hatched 
fish larvae due to their small size, slow swimming speed, high caloric value, 
parthenogenetic reproduction and ability to be easily enriched with antibiotics and 
fatty acids. 
Rotifers are a group of aquatic microscopic invertebrates and are 
commonly called 'wheel animalcules' as their disc like corona bears resemblance 
to a pair of revolving wheels due to the synchronized beating of their coronal 
cilia. The rotifers are well represented in freshwater plankton, but only a few 
species of them are found in brackish waters and fewer still in the sea. 
Our knowledge of this group from Indian waters is rather scanty, despite 
the fact that during certain seasons they constitute a predominant portion of 
zooplankton , and in such cases they play an important role in the food cycle of 
the aquatic system. Further, the high reproductive potential through 
parthenogenesis is a remarkable biological and ecological feature by which the 
rotifers are distinguished from all other planktonic zooplankters. The significance 
of these organisms as first food for early larvae was first indicated by Fujita 
(1 979) from Japan when the plicatilis group was used as a primary food for the 
red seabream larvae (Pagrus majot) and since then the importance of their study 
as live food organisms has become an attractive subject in intensive research by 
fishery biologists. 
111 
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A considerable body of information has been accumulated chiefly on 
taxonomy and distribution of rotifers from different parts of India. While reviewing 
their taxonomy, it was observed that our present knowledge of the rotifer fauna of 
India is still inadequate. Till now, eurotatorian fauna of West Bengal is adequately 
explored and that of Orissa, Punjab, Andhra Pradesh, Kerala and Jammu and 
Kashmir is moderately known. Except for a preliminary account of the rotifers of 
Bihar by Sharma et al. (1992) , there is practically no detailed systematic account 
including the species group, species and subspecies/forms of the rolifer fauna 
from any of the Indian states. Among the different rotifers , the species belonging 
to the genus Brachionus, especially B. plicatilis and B. calyciflorus, were used as 
first live food for various marine and freshwater fish larvae. However, the 
brachionids exhibited polymorphism related to extrinsic factors (cyclomorphosis). 
Because of this polymorphism the taxonomy of this genus is very confusing to 
biologists. For example, in earlier literature in the plicatilis group rotifers were 
named the so-called 'L' (Large) and 'S' (small) types depending on the size of 
lorica. In spite of this it has not yet been studied then whether these two types 
are different at the species level or simply they are two extremes of the form 
(ecomorph) under a single species. Later on, Segers (1995) reviewed the 
taxonomic status of these rotifers based on the morphological and genetic 
studies of Fu et al. (1991, 1993) and reclassified this group into two separate 
species. Now these rotifers are termed B. plicatilis (former 'L' type) and B. 
rotundiformis (including both 'ss' and 'SM' or'S' by aquaculturists) . However, in 
India no attempt has been made to review the taxonomic status of this group and 
other rotifers, eventhough these rolifers have been reported from the estuaries 
and backwaters of Kerala by Gopakumar (1998). Hence a study of the planktonic 
rotifers of southern Kerala was initiated in February 2000. 
While reviewing the studies on rotifers, it was noted that the brachionids, 
especially B. plicati/is, are important live feed for crustaceans and fishes very 
common in estuaries and freshwaters of Kerala . However, other than B. p/icatilis 
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and B. patu/us there is practically no information on the biology of other 
brachionids. . Hence it was felt that detailed studies on the population 
characteristics and reproductive biology of six common rotifers namely 
Brachionus plicatilis, B. murray, B. rotundiformis , B. angu/aris, B. caudatus and 
B. ca/yciflorus will be useful in mass production and evaluation of the suitability of 
these rolifers as a first live food for finfish larvae. Keeping this in view, a study on 
the taxonomy, ecology and biology of brachionid rotifers of the southern Kerala 
was undertaken, and the results are embodied in the present thesis entitled 
"Studies on certain selected live feed organisms used in aquaculture with special 
reference to rotifers (Family: Brachionidae)". 
The thesis is presented in six chapters. 
Chapter I deal with taxonomy of species belonging to the family 
Brachionidae. It includes a brief description of 22 species including four 
subspecies and forty forms along with illustrations of their salient features 
referred to in the text. 
Chapter II deals with the hydrography, species diversity and population 
characteristics of planktonic rotifers from two estuaries. It describes the influence 
of physico - chemical parameters on their population density and distribution. 
Chapter III and IV describe the effects of selected physico - chemical 
parameters and feed on the reproductive potential and life table parameters of 
six rolifers B. angu/aris, B. caudatus, B. ca/yciflorus, B. p/icatilis, B. murray and 
B. rotundiformis. 
Chapter V deals with the impact of rotifers of different sizes on the survival 
and growth of early finfish larvae. 
Chapter VI is exclusively on the survival and growth of larval shrimp fed on 
rotifers . 
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SYSTEMATIC ACCOUNT OF ROTIFERS 
WITH SPECIAL EMPHASIS ON FAMILY 
BRACHIONIDAE 
INTRODUCTION 
Systematics is a dynamic science since the taxonomy of the flora and 
fauna are in a constant state of flux. No group of animals or plants can ever 
be said to have achieved their final status in taxonomy because new species 
are constantly being discovered in different parts of the world . Their discovery 
may ultimately lead to the diversification of an old genus into many new ones 
or the creation of a new genus to include the new species. The validity of a 
nominal species may also become questionable after a period of time. Hence, 
periodic revisions on the taxon are necessary so as to incorporate new 
discriminatory details and allocate new species to their proper taxonomic 
positions. 
There may be a diversity of opinions regarding who was the first to 
publish a paper on rotifers and who first established a scheme of rotifer 
systematics based on a practical description of morphological details in a wide 
range of species including those new to science. The arrival of the 
microscope in the seventeenth century by Leeuwenhoek made possible the 
discovery of rotifers and since then , these organisms have drawn world wide 
attention of amateur naturalists as well as professional hydrobiologists 
because of their intricate structure, profusion of body forms, wider distribution 
and easy availability. But in India, studies on this group date back to the later 
part of the nineteenth century. An excellent review of literature on rotifers had 
been provided by Sharma (1 991). Nevertheless, a brief survey of the 
systematic studies on rotifers is provided below. 
In the beginning, all microscopic animals were called as 'Infusoria' and 
not distinguished from Protozoa. Therefore, the earlier workers such as 
Linnaeus (1758), Pallas (1766) and Muller (1773, 1786) have placed rotifers 
under the phylum' Vermes'. However, the term "Rotiferes" was first coined by 
Cuvier (1798) and afterwards Du Trochet (1812) was the first to recognize the 
'Rotifers' as a group of animals higher in structure than zoophytes 
(coelenterates) and he gave the correct explanation of this Latin word , 
'Rotiferes' (= rotating wheels) because in rotifers, the coronal disc with 
synchronous beating of its cilia looks like 'rotating wheels' due to an optical 
illusion. Hence rotifers were commonly called 'wheel animalcules'. Although 
Ehrenberg (1838) was the first to separate rotifers from Protozoa, under the 
name 'Rotatoria', the name proposed by Du Trochet (1812) has been widely 
accepted. Thus, Ehrenberg (1838) has proposed the primitive form of rotifer 
classification in his book 'Die Infusionsfhierchen als vollkommene 
Organismen'. But his classification was criticized by later workers due to the 
unfounded division between different groups within the rotifers. Later, 
Dunjardin (1841) grouped the rotifers into three groups depending on the 
mode of locomotion namely sessile forms, swimming forms and swimming 
and creeping forms. This formed the foundation of the classification of Hudson 
and Gosse (1886-1889); they were the first to establish a scheme of rotifer 
systematics based on a practical description of morphological details in their 
book 'Rofifera or Wheel Animalcules'. According to this classification, class 
Rotifera had four orders namely Rhizota (for sessile rotifers) , Bdelloidea 
(swimming and creeping forms) , Ploima (swimming forms) and Scirtopoda 
(swimming and skipping forms) . However, they had not made any provision 
for the genus Seison. In 1899, Wesenberg-Lund (as quoted from Hyman, 
1951) created the order Seisonacea for Seison (marine rotifer) and united this 
order with Bdelloidea to form the subclass Digononta with two gonads and 
other rotifers with one gonad were placed under the subclass Monogononta 
with three orders: Notommatida, Brachionida and Melicertida. 
De Beauchamp (1909) was the first to study and describe the primitive 
form of corona. With the study on the corona, a great improvement on the 
rotifer's classification had been achieved by Harring (1913) who proposed the 
first standard classification of rotifers. He suggested five orders: Ploima, 
Flosculariacea, Collothecacea, Bdelloidea and Seisonacea, but the detailed 
classification made by Remane (1 929 - 1933) laid the foundation for the 
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modern systematic works on rotifers. According to Remane's classification , 
class Rotifera had three orders: I) . Seisonacea with a single family 
Seisonidae, one genus Seison; II): Bdelloidea with four families: a) . 
Habrotrochidae, b). Philodinidae, c). Adinetidae and d). Philodinavidae; III) : 
Monogononta. The order Monogononta was subdivided into three suborders : 
(A): Ploima with three super families namely Notommatoidea, Brachionoidea 
and Asplanchnoidea; (B) : Flosculariacea with three families namely 
Flosculariidae, Testudin·ell idae, Conochilidae, and (C) : Collothecacea with one 
family Collothecidae. The super families, in turn, included eleven families: 1: 
Notommatoidea with: (i) Notommatidae, (ii) Trichocercidae, (iii) Lindiidae, (iv) 
Dicarnophoridae, (v) Gastropodidae, (vi) Synchaetidae, and (vii) 
Microcodonidae; 2: Brachionoidea with: (viii) Epiphanidae, (ix) Brachionidae, 
and (x) Lecanidae; 3: Asplanchnoidea with the family (xi) Asplanchnidae. 
Afterwards, Hyman (1951) modified Remane's classification and 
grouped the class Rotifera under the phylum 'Aschelminthes'. Then a 
significant modification has been made by Pennak (1953) and his 
classification was primarily based on the fundamental structure and 
modification of the mastax. He treated the class Rotifera as a separate 
phylum 'Rotatoria '. Pennak was the first to propose the families, 
Trochosphaeridae with genus Trochosphaera and Filiniidae with three genera 
namely Filinia, Pedalia (= Hexarthra) and Tetramastix under the order 
Flosculariacea; family Ploesomatidae with the genus Ploesoma and the 
subfamily Pseudoploesomatinae with the genus Pseudoploesoma under the 
order Ploima. Subsequently, Edmondson (1959) made modification on rotifer 
classification and also treated class Rotifera as a separate phylum 'Rotifera' 
and introduced two new families namely Tylotrochaedae with the genus 
Tylotrocha under the order Ploima and Hexarthridae with the genus Hexarthra 
under the order Flosculariacea. However, he has rejected the subfamily 
Pseuqoploesomatinae and family Ploesomatidae, which was suggested by 
Penna~. Edmondson's classification is still followed by a number of workers, 
but he has not attempted to make any modification on the family Brachionidae 
having the highest number of genera. In the same year Bartos (1 959) 
reviewed the family Brachionidae and reduced the genera into Brachionus, 
PIa tyias, Keratella , Kellicottia , Anuraeopsis and Notholca under this family 
and created new families such as Euchlanidae with the genera Euchlanis, 
Tripleuchlanis , Dipleuchlanis, Lophocharis and Manfredium; Mytilinidae with 
the genus Mytilina; Trichotridae with the genera Trichotria , Wolga and 
Macrochaetus; Colurellidae (Lepadellidae) with the genera Lepadel/a and 
Colurel/a. 
Subsequent systematic changes were made by Sudzuki (1964). De 
Beauchamp (1 965) , Kutikova (1970) , Ruttner- Kolisko (1974), Pontin (1978), 
Koste (1978) and Nogrady et a/. (1993). Sudzuki (1964) proposed an 
alternative classification based on male morphology and erected numerous 
additional genus and family level taxa and created a new class (Pararotatoria) 
for the order Seisonacea. However, his classification was not accepted by any 
subsequent authors. De Beauchamp (1965) united Collothecacea and 
Flosculariacea (as suborders; renamed Pseudotrocha and Monimotrocha, 
respectively) into one order namely Gmesiotrocha. Koste (1 978) has 
presented a monograph for rotifers widely accepted as a classical textbook, 
'ROTATORIA' for identification and classification of rotifers. 
Studies of Snell (1989) , Koste and Shiel (1991 ), Wallace and Snell 
(1993), Shiel and Koste (1993), Segers (1995) and Shiel (1 995) made 
substantial additions to the systematics of rotifers. The monogonont families 
had been reviewed by Segers, 1995 (family: Lecanidae) ; Nogrady et a/., 1995 
(family: Notommatidae and Scaridiidae); de Smet, 1996 (family: Proalidae) 
and de Smet, 1997 (family: Dicranophoridae) for the SPB publications entitled 
'Guides to the Microinvertebrates of the Continental Waters of the Worlcf 
which revealed that there had been a 70% increase in the number of species 
from those described in the monograph by Koste (1978). Sudzuki (1999) had 
also presented a monograph entitled 'An Approach to the Identification of the 
Common Rotifers' wherein he gave the introductory notes on the identification 
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of rotifers, taxonomic criteria and key to species group, species, subspecies 
and forms. Recently Segers (2002) has presented annotated checklist of valid 
family and genus group names. According to him the total number of valid 
rotifer species recognized to date is 1817. The largest taxon is Monogononta 
(1441 species) followed by Bdelloidea (374 species) and Seisonacea (2 
species). 
Taxonomic investigations on Indian rotifers were initiated by Anderson 
(1889) who studied forty-seven rotifers collected from Calcutta. Later, Murray 
(1 906) reported thirty-two species of rotifers from Sikkim-Himalaya. 
Edmondson and Hutchinson (1934) studied rotifers of Yale-north Indian 
expedition and recorded hundred rotifers from different localities of Kashmir, 
Ladak, Punjab and Nilgiris (South India) . These preliminary works initiated 
intensive faunistic studies of rotifers from the different parts of India. 
The first report on rotifers from Jammu and Kashmir was given by 
Edmondson and Hutchinson (1934) in Yale-north Indian expedition with new 
records of the genus Notho/ca . Oas and Akhtar (1 976). Qadri and Yousulf 
(1982) and Jyoti and Sehgal (1980) studied the ·rotifer fauna in this state and 
added substantially to the knowledge on the rotifers of this area. 
Vasisht and Gupta (1967) studied rotifers of Chandigarh, Punjab. 
Vasisht and Oawar (1968) gave the first description of the male of 
Cupe/opagis vorax from that area. Afterwards, Vasisht and Bathish (1969, 
1970, 1971) studied rotifer fauna of Punjab and supplemented more species 
to the faunal list of this area. Sharma (1980c) reported twenty species 
belonging to the family Brachionidae from Punjab while his later work together 
with Sharma (1984) added thirty-five species to the fauna of this state. 
Bathish (1 992) presented a monograph on rotifers of Punjab and this resulted 
in important contribution to the rotifer fauna of Punjab State. 
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Sarma (1988) has presented a faunistic account of twenty-seven 
rotifers from Delhi. Nayar (1968) studied rotifers of Rajasthan and 
documented th irty-six rotifers including one new species, Monostyla 
paradecipiensis. Wulfert (1966) made faunistic studies in Gujarat area and 
had recorded eighty-seven rotifers from Baroda. 
Donner (1949) described Horael/a brehmi from Bihar and that was the 
first systematic accoun~ of rotifers from this State. More rotifers were reported 
from here by Nasar (1973), Laal and Nasar (1977) , Singh and Shakuntala 
Pandey (1 984, 1993), Sharma et al. (1992) and Shakuntala Pandey and 
Singh (1993). 
Saksena and Sharma (1981 , 1982) gave a systematic account of 
rotifers in Gwalior, Madhya Pradesh. Sharma and Saksena (1981) , Saksena 
and Kulkarni (1986a), Saksena et al. (1986) and Saksena (1989) studied the 
rotifers of this area and added more species to the faunal list. Kaushik and 
Saksena (1 991 ) studied the rotifer fauna of Gwalior and they documented 
thirteen species belonging to ten genera. They reported the presence of 
Kellicottia longispina and that was the first report of this species from India. 
Arora (1962, 1963, 1965, 1966) gave a detailed faunistic account of 
rotifers from Nagpur, Maharashtra. Dvorakov (1963) studied the rotifers from 
this area and added more species to the faunistic list of this state . . 
Hauer (1936, 1937) had studied the rotifer fauna of Tamil Naidu. 
Ahlstrom (1943) reported a new variety of Keratel/a quadrata from 
Ootacamund Lake while revising the genus Keratel/a. Donner (1953) who 
examined the Brehm's material from Madras described Trichocera ruttneri. 
Brehm (1951) was the first to report and describe B. donneri from Madras, 
which is endemic to India. Pasha (1 961) , Michael (1 966, 1973), Wyeliffe and 
Michael (1 968) and Rajendran (1 971) studied freshwater rotifers from different 
parts of Tamil Naidu and documented more rotifers from this area. On the 
1 
other hand Govindasamy (1988) and Govindasamy and Kannan (1991 ) 
studied the rotifers from brackish and marine environments. The monograph 
on rotifers of Porto Novo by Kannan and Govindasamy (1991) is a practical 
manual for researchers . 
The rotifers of Andhra Pradesh were studied by Naidu (1967) and he 
reported twelve species in this area. Dhanapathi (1973, 1974, 1975, 1976, 
1977, 1978), Chandra Mohan and Rao (1976) and Rao and Chandra Mohan 
(1976, 1977, 1984) had conducted studies on the rotifers of this State. They 
recorded more species from this area. Dhanapathi (1978) recorded a new 
variety of P/atyias (P. quadricomis andhranesis) , new rotifer (8. durgae) and 
created a new genus "Pseudoeuch/anis" having the combined characters of 
Euch/ania , Dip/euch/ania and Squatinella from Andhra Pradesh. 
Sharma (1977, 1980a, 1987b) studied the rotifers of Orissa and 
recorded sixty-nine species from this State. 
The systematic studies on rotifers of West Bengal was undertaken by 
Anderson (1889) followed by Sewell (1935) who presented a classical 
account of fauna thriving in a tank in the Indian Museum compound, Calcutta. 
Brehm (1950) recorded three species of rotifers, including Keratella coch/earis 
from this State. Tiwari and Sharma (1977) and Sharma (1978a, b, 1979a, b, 
c) studied rotifers of West Bengal and added more species to the fauna of this 
area. Sharma (1992) gave a comprehensive account of systematics, 
distribution and ecology of freshwater rotifers of West Bengal. 
Sharma (1976, 1980b, 1987a), Patil (1978, 1988) and Sharma and 
Sharma (1987, 1997) studied rotifers of Assam, Manipur and Meghalaya 
(North-Eastern India) and recorded sixty-three species from this area. 
Nayar (1965b) gave taxonomic notes on Indian species of the genus 
Keratella . Sharma and Michael (1 980) had presented a synopsis of the 
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taxonomic studies on the rotifers from the different parts of India. In the .mean 
time, Sharma (1983, 1987c) reviewed the status of Indian species of the 
genus Brachionus (Family: Brachionidae). Other recent observations on 
rotifers in India were those of Segers et al. (1994) and Segers and Babu 
(1999). 
Nayar and Nair (1969) pioneered the taxonomic study of rotifers of 
Kerala by reporting fifteen species belonging to the family Brachionidae with a 
new variety of B. forficula (B. forficula keralaiensis) , having the morphological 
resemblances with both B. forficula and B. havanaensis and a new record of 
Dipleuchlanis propatula from India. Nair and Nayar (1971) studied rotifers of 
Irinjalakuda and added more species to the fauna of Kerala. However, the 
systematic studies of rotifers from brackish water habitats of Kerala have 
received very little attention, eventhough they are the dominant plankton of 
the backwaters. Studies of Harikrishnan (1993), Anuradha Rammohan (1996) 
and George Thomas (1996) recorded the availability and abundance of 
rotifers in the brackish water regions of Kerala. Harikrishnan (1993) had 
reported B. donneri and B. plicatilis for the first time from the State. 
Gopakumar (1998) studied the rotifers in the estuaries of Kerala. He 
documented thirty species of rotifers and recorded the presence of B. plicatilis 
's' type (= B. rotundiformis) for the first time from the Indian subcontinent. 
It is evident from the above that the rotifer fauna of Kerala had received 
very little attention when compared to those from other parts of India, where 
continual efforts are being made to study them. The studies of Nayar and Nair 
(1969) , Nair and Nayar (1971), Harikrishnan (1993) and Gopakumar (1998) 
revealed that the species belonging to the family Brachionidae under the 
order Ploimida dominated the rotifer fauna of Kerala but these works have 
contributed very little to the systematic or taxonomic studies of rotifers of 
Southern Kerala. Furthermore, during the course of this work, a need for more 
complete descriptions and illustrations was felt. Many of the recent works give 
only brief generic and specific diagnoses making it difficult to comprehend this 
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subject and make an accurate evaluation. Therefore, an attempt is made here 
to give a systematic account of species belonging to the family Brachionidae 
by including all available synonyms I subspecies I forms occurring in different 
hydrographic conditions as part of the present study. Further, salient features 
of each species together with illustrations are also presented anticipating that 
it would be of help to future workers. 
MATERIAL AND METHODS 
Plankton samples were collected from Veli-Aakulam and Poonthura 
estuaries during 2000-2001 . The centres of sample collection are shown in 
Figures 1 & 2; PI. 1 & 2. The samples were collected by horizontal hauls using 
plankton net of 32 cm mouth diameter. The mesh size of the net used was 70 
11m. Samples were immediately preserved in 4% formaldehyde. The sorting 
and identification of rotifers were done with a stereo-dissecting microscope. 
All the illustrations given are camera lucida drawings made with the aid of a 
compound microscope. The various morphometric measurements taken are 
shown in Fig . 3. 
The key used in separating different classes of phylum Rotifera upto 
orders is that of Edmondson (1959) . The key in separating the different 
families is that of Koste (1978) and Koste and Shiel (1987). For genera and 
species no single key can be cited as effective but the works of Edmondson 
(1959), Koste (1 978) , Koste and Shiel (1987), Koste and Poltz (1987) , 
Sudzuki (1 987, 1999), Bathish (1992) and Sharma et al. (1992) served well in 
delineating them properly. The forma (f.) mentioned in the keys denotes only 
the respective morph that represented in the collection and it did not have any 
taxonomic significance, because in earlier literature like Bathish (1992) the 
forms are considered as subspecies of the respective taxon. However, the 
continual review of the later workers showed that most of the rotifers exhibit 
cyclomorphosis. Therefore , the recent workers followed a detailed 
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nomenclature where the respective taxon and their ecomorph were also given 
(Koste and Shiel , 1989; Nogrady et a/., 1993). 
A combination of both Koste and Shiel (1987) and Sudzuki's (1999) 
classification keys were followed in the present account with slight 
modification since mental margin (ventral margin or pectoral margin) was also 
one of the important aspects of the key for delineating the species properly, 
especially in the case' of sympatric sibling species complex. However, 
Sudzuki's (1999) monograph was more useful as in this infraspecific variability 
(forms/subspecies) were recorded in detail. Similarly, in the present account, 
rotifers were classified under the phylum ROTIFERA, rather than a class 
under the phylum 'Aschelminthes' because the recent workers such as 
Nogrady et at. (1993) and Segers (1995, 2002) have assigned the rotifers 
from the 'class Rotifera to phylum Rotifera'. Likewise, the name 'Rotifera' was 
used in the present account instead of 'Rotatoria' and th is name are now 
widely accepted in literature (based on the nomenclature preference). 
Of the seventeen families of the order Ploimida only ten families are 
represented in the present collection, they are: i) Epiphanidae, ii) 
Brachionidae, iii) Euchlanidae, iv) Mytilinidae, v) Trichotriidae, vi) Colurellidae, 
vii) Lecanidae, vii i) Notommatidae, xi) Synchaetidae, and x). Asplanchnidae. 
Of the seven families of the order Flosculariacea, only three families are 
represented in the present collection; they are: i) Testudinellidae, ii) 
Hexarthridae and ii i) Filiniidae. Since systematics was not the only aspect of 
the present study, the species belonging to the family Brachionidae alone 
have been selected for the systematic account in detail , as they are the ones 
cultured and used as first food for finfish and shellfish larviculture. Their 
dominance in plankton samples is another reason . However, all the identified 
rotifers are also given in the list of species. No attempt is made here to give a 
complete synonymy for any species; instead all available synonyms pertaining 
to each species are mentioned. Similarly, in species with three or more than 
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three forms a comparative morphometric data and diagnostic features are 
furnished . 
The general distribution of each species is given under two heads: - in 
India and elsewhere; the later refers to the presently known distribution of 
each species on a global basis. 
Though the earlier workers have amply illustrated most of the species, 
the specimens dealt with in this thesis are deposited in the reference 
collection of the Central Marine Fisheries Research Institute, Kochi. 
RESULTS 
LIST OF SPECIES 
PHYLUM: ROTIFERA (Cuvier, 1798) 
CLASS: MONOGONONTA Wesenberg-Lund, 1899* 
ORDER: PLOIMIDA (Hudson and Gosse, 1889) 
Family: Epiphanidae Harring, 1913 
01 . Epiphanes macrourus Barrois and Daday, 1894 
Family: Brachionidae Ehrenberg, 1838 
02. PJatyias quadricomis (Ehrenberg, 1832) 
03. PJatyias JeJoupi Gillard, 1967 
04. Brachionus anguJaris Gosse, 1851 
B. anguJaris f. aestivus Skorikov, 1914 
05. Brachionus budapestinensis Daday, 1885 
06. Brachionus caJyciflorus Pallas, 1766 
B. calyciflorus f. typica Koste, 1978 
B. calyciflorus f. heterospina Saksena, 1989 
B. calyciflorus f. asymmetrica Koste, 1979 
B. calyciflorus f. dorcas Gosse, 1851 
B. calyciflorus f. anuraeformis Brehm, 1909' 
B. calyciflorus f. forficula Rudescu , 1960 
B. calyciflorus f. amphiceros Ehrenberg, 1838 
B. calyciflorus f. monstruosa de Ridder, 1987 
07 . Brachionus calyciflorus borgerti Apstein, 1907 
B. calyciflorus borgerti f. willeyi Apstein , 1907 
B. calyciflorus borgerti f. brycei de Beauchamp, 1932 
B. calyciflorus borgerti f. asymmetrica f. nov. 
08. Brachionus caudatus Barrois and Oaday, 1894 
B. caudatus f. majusculus Ahlstrom, 1940 
B. caudatus f. apsteini Ahlstrom, 1940 
B. caudatus f. vulgatus Ahlstrom, 1940 
B. caudalus f. personatus Ahlstrom, 1940 
09. Brachionus dicholomous reductus Koste and Shiel , 1980 
10. Brachionus falcatus Zacharias, 1898 
B. falcatus f. Iyralus Lemmerman, 1908' 
B. falcalus f. {3 Apstein , 1907 
B. falcatus f. hamatus Lemmerman, 1908' 
11 . Brachionus patulus (MOiler, 1786) 
12. Brachionus kostei Shiel , 1983 
13. Brachionus rubens Ehrenberg, 1838 
14. Brachionus urceolaris Muller, 1773 
B. urceolaris f. irregularispina f. nov. 
15. Brachionus urceolaris nilsoni Ahlstrom, 1940 
16. Brachionus havanaensis trahea Murray, 1913 
B. havanaensis trahea f. asymme/rica f. nov. 
B. havanaensis trahea f. ahlstromif. nov. 
17. Brachionus quadridentatus Hermann, 1783 
B. quadridentatus f. brevispina Ehrenberg, 1832 
B. quadridentatus f. monospina Saksena and Kulkarni, 1986 
" 
B. quadridentatus f. divergens Tschugunoff, 1921 
B. quadridentatus f. me/heni Barrois and Daday, 1894 
B. quadridentatus f. curvata Tschugunoff, 1921 
18. Brachionus quadridentatus mirabilis Daday, 1897 
19. Brachionus plicatilis Muller, 1786 
B. p/icatilis f. mulleri Ehrenberg, 1838 
B. plicati/is f hepatotomus Gosse, 1851 
B. plicatilis·f. decemcomis Fadeew, 1925 
B. plicatilis f ova/is f. nov. 
20. BrachionusmurrayMurray , 1913 
B. murray f. ecomis Fadeew, 1925 
B. murray f. divergispina f . nov. 
21 . Brachionus rotundiformis Tschugunoff, 1921 
B. rotundiformis f. semicircu/aris f. nov. 
22. Keratella coch/earis (Gosse, 1851) 
K. coch/earis f. recurvispina Jagerskibld , 1894-
K. cochlearis f. tecta Lauterborn , 1894 
23 . Keratella tropica (Apstein, 1907) 
K. tropica f aspina Fadeew, 1927 
K. tropica f. asymmetrica Barrois and Daday, 1894 
Family: Euchlanidae Ehrenberg, 1838 
24. Dip/euchlanis propatula Gosse, 1887 
Family: Mytilinidae Harring, 1913 
25. Mytilina ventralis Ehrenberg, 1832 
26. Mytilina crassipes Lucks, 1929 
Family: Trichotridae Harring, 1913 
27. Trichotria tetracUs Ehrenberg, 1838 
Family: Lepadellidae Harring, 1913 
28 . Lepadella crestata Vasisht and Bathish, 1971 
29. Lepadella ovalis Muller, 1786 
30 . Lepadella patella Muller, 1773 
Family: Lecanidae Remane, 1933 
14 
31 . Lecane leon tina (Turner, 1892)* 
32. Lecane ludwigi (Eckstein , 1883)* 
33. Lecane luna (MOiler, 1776) 
34. Monostyla quadridentata (Ehrenberg , 1832) 
35. Monostyla bulla (Gosse, 1851) 
Family: Notommatidae Hudson and Gosse, 1889 
36 . Scaridium longicaudum (MOiler, 1786) 
Family: Synchaetidae (Hudson and Gosse, 1886) 
37 . Polyarthra vulgaris Carlin , 1943 
Family: Asplanchnidae Eckstein , 1883* 
38. Asplanchna brightwelli Gosse, 1851 
ORDER: FLOSCULARIACEA Harring , 1913 
Family: Testudinellidae (Harring , 1913) 
39. Testudinella patina Hermann, 1783 
Family: Hexarthridae Edmondson, 1959 
40. Hexarthra intermedia (Wierzejski , 1929) 
Family: Filiniidae Pennak, 1953 
41 . Filinia longiseta (Zacharias, 1898) 
42 . Filinia terminalis (Plate, 1886) 
43. Filinia opolensis (Zacharias, 1898) 
44 . Filinia corn uta (Weisse, 1847)* 
* As given by Sudzuki (1999). 
CLASSIFICATION AND DESCRIPTION OF SPECIES 
PHYLUM: ROTIFERA (Cuvier, 1798) 
The rotifers or wheel animalcules are microscopic, mostly free-living 
organisms with the anterior end formed into a ciliary apparatus, the corona , 
IS 
with a differentiated pharynx containing movable pieces acting as jaws 
(mastax) and with a typical flame-bulb protonephridia. 
KEY TO THE CLASSES OF ROTIFERA 
01. Rotifers with paired generative organs .. .......... .. ............. ....... ....... 2 
Rotifers with single generative organ, males present but mostly 
reduced .. ............. : ........ MONOGONONTA Wesenberg-Lund , 1899 
02. Marine; corona not with two trochal discs, reduced; males fully 
developed ................... . ..... SEISONIODEA Wesenberg-Lund , 1899-
Fresh water; corona with two trochal discs, latter rarely reduced in 
some forms; males not known ....... ...... ...... ..... ... ...... ... ...... ... .. . .... . 
......... .............. .. .. ............ BDELLOIDEA (Hudson & Gosse, 1886) 
- As given by Hyman (1951 ) 
CLASS: MONOGONONTA Wesenberg-Lund , 1899 
Swimming or sessile rotifers; with a single germovitellarium; males 
usually present, reduced , with one testis; mastax not ramate; lateral antennae 
present; foot present or absent, when present with two toes or without toes. 
KEY TO THE ORDERS OF MONOGONONTA 
01 . Free swimming , never fixed ; foot , when present, with toes .... ... .. . 
...... .. ...... .. .. .. .. .... ........... ... .. PLOIMIDA (Hudson and Gosse, 1886) 
Adults rarely free swimming; foot, when present without toes .. ..... 2 
02. Mastax malleoramate .......... .. ...... FLOSCULARIACEA Harring , 1913 
Mastax uncinate ..... .................... COLLOTHECACEA Harring, 1913 
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ORDER: PLOIMIDA (Hudson and Gosse, 1886) 
Body shape vermiform, sacciform or dorso-ventrally flattened ; corona 
not with trochal and circular circlets; foot normal with two toes, or reduced 
even absent in some; eyes present or absent, when present, one or two. 
Of the seventeen families (Koste and Shiel , 1987) in this order, only 
family Brachionidae was selected for the systematic account in the present 
study. 
FAMILY: BRACHIONIDAE Ehrenberg , 1832 
Most of the forms heavily loricated; corona often with several dorso-
transverse prominences bearing tufts of strong cilia, the pseudotroch, buccal 
field mostly supraoral , oblique or terminal; mouth funnel like, situated in 
buccal field . Foot present or absent; when present, with two toes. This family 
represents three genera in the present account. They are Brachionus, 
Platyias and Keratella. 
KEY TO GENERA OF THE FAMILY BRACHIONIDAE 
01 . Foot present.. ... " ............................ .... ....... ... .... ... .. . .............. . 2 
Foot absent ................................... ................. ......... ........ .. . ... 3 
02. Foot jointed; two toes; eyes present or absent.. .. ........................ .. . 
........ .... ...... .. .. .. ....... ................... ....... .. . .. Platyias Harring, 1913 
Foot ringed , hose-shaped, retractile; two toes ............... ...... .. .. .... .. 
.. ..... .. ...... ..... . ... ..... . ... .. . ... ... ... .... .. ....... . .Brachionus Pallas, 1766 
03. Dorsal plate without facets ..................... .... . ............................ . .4 
Dorsal plate with facets; six anterior spines; 1, 2 or no posterior 
spines ............. .. ..... .. .... .. ... ...... Keratella Bory de st. Vincent, 1822 
04. With symmetrical anterior spines; or none .................................... 5 
Asymmetrical anterior spines, unequal in length; single posterior 
spine, long and slender .......... ........ ........ Kellicottia Ahlstrom, 1943 
'7 
05. Lorica with six short anterior spines; dorsal plate with longitudinal 
striations, some species also with minute pustules .. ... .. ... .. ....... ... . 
... ...... ... ........ , ............ ....... ..... ... Notholca Hudson & Gosse, 1886 
Lorica without spines, composed of two plates, dorsal arched, ventral 
almost flat, joined by flexible cuticle forming sulci ........... , .............. . 
...... ........ .... .. ... . .. . .. . .. . .. . .. . ...... .... ... Anuraeopsis Lauterborn, 1900 
Genus: Platyias Harring, 191 3 
Rotifers with illoricate , retractile head and strongly loricated body; 
dorsal anterior margin with two blunt median spines and two pointed spines of 
variable length at the posterior end; surface more or less granulated; foot 
jointed with three segments; corona as in Brachionus; dorsal antenna 
between the anterior spines; lateral antenna on the caudal part of dorsal 
lonca; eyes absent. The species live mostly on or about the surface of 
detritus, sediments or on putrid mud between littoral macrophytes. At present 
th is genus contains two species, P. quadricornis and P. leloupi since Wulfert 
(1 965) transferred P. patulus and P. polyacanthus, including variations from 
the genus P/atyias to the genus Brachionus. 
Type: Noteus quadricornis Ehrenberg, 1832 
KEY TO SPECIES OF THE GENUS PLA TYIAS 
Lorica with a longer keel under the triangular frontal dorsal plaque ...... 
. ..... .. ... .. .... . .. .......... .. ........................ .... . .P. /e/oupi Gillard, 1967 
No keel below trapezoid frontal plaque, but one pentagonal facet , and 
below this two hexagonal facets .. .. .. .. .P. quadricornis (Ehrenberg , 1832) 
Platyias quadricornis (Ehrenberg , 1832) 
(Fig . 4) 
Noteus quadricomis Ehrenberg, 1832, p. 143, Fig. 4: 5. 
Platyias quadricomis Harring, 1913, p. 84; Pennak, 1953, p. 195, Fig. 120: N; Voigt, 1957, p. 
148, T. 22: 4; Sudzuki, 1964, p. 99, pI. 5, Figs. 9-11 ; 1999, p. 55, pI. 38, Figs. 5 - 6; 
Nayar and Nair, 1969, p. 229; Dhanapathi , 1974, p. 369, pI. IV, Fig.1; Koste, 1978, T. 
7, Figs. 1 - 2; Sharma, 1979, p. 229; Koste and Shiel, 1987, p. 969, Fig.11 : 1; Kannan 
and Govindasamy, 1991 , p. 41 , pl . IV, Fig. 4; Bathish, 1992, p. 90, Fig. 76: 1 - 2. 
Platyias quadricomis var. hexagonata Wulfert, 1956 
P!etyias quadricomis var. pentagona Wulfert. 1956 
Material : Thirty-seven parthenogenetic females from Veli-Aakulam and 
Poonthura estuaries in Trivandrum, Kerala. 
Description: Anterior dorsal margin with two stout median spines, some 
times rounded to at their tips; mental (pectoral or ventral) margin 
depressed towards the centre and serrate; lorica terminating posteriorly in 
two rather short and stout parallel spines; lorica with regular pattern of 
facets. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Length of antero-median spine 
Length of postero-Iateral spine 
238-247 ~m 
173-178 ~m 
32-34 ~m 
25-65 ~m 
Distribution in India: Jammu & Kashmir, Punjab, Maharashtra, Kerala, Tamil 
Nadu, Andhra Pradesh and West Bengal 
Elsewhere: Japan, New Zealand, Thailand, Singapore, Malaysia, Australia, 
Africa and U.S.A. 
Comments: This species shows comparatively less variation , the most 
variable feature being the postero-Iateral spines, which may be reduced 
or well developed . 
" 
P/atyias /e/oupi Gillard, 1967 
(Fig. 5) 
Pfatyias quadricomis JeJoupi Gillard, 1967, p. 19, Fig. 4: 22. 
Pfatyias JeJoupi Koste, 1974, p. 43; Koste, 1978, T. 7, Fig. 3a - g; Koste and Shiel, 1987, p. 
968, Fig.11 : 4; Sharma, 1987, p. 273, Fig. 20 - 21 ; Sarma, 1988, p. 265, Fig. 8. 
PJatyias JeJoupi JatiscapuJaaris Koste, 1974, p. 43. 
Pfatyias JeJoupi var. aspina de Ridder, 1991 , p. 473 
Material: Six parthenogenetic females from Poonthura and Veli-Aakulam 
estuaries. 
Description: Lorica firm, more or less circular, moderately compressed 
dorsa-ventrally, tuberculate or stippled, composed of dorsal and ventral 
plates; antero-dorsal margin with two long spines curved outwards, 
acutely pointed; posterior spines long, painted with widely separated 
bases; dorsal plates of lorica without polygonal markings, in some 
specimens the entire lorica stippled; mental margin rigid and depressed 
towards the centre; foot two segments with two toes. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Length of antero-median spine 
Length of posterior spine length 
352-429 ~m 
225-278 ~m 
65-78 ~m 
98-107 ~m 
Distribution in India: Maharashtra, Haryana, Kerala and Andhra Pradesh. 
Elsewhere: Brazil , Africa , Sri Lanka and S. America. 
Comments: P. /e/oup; is a less variable species when compared to other 
rotifers and the most variable feature being the postero-Iateral spine 
length. 
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Genus: Brachionus Pallas, 1766 
Brachionus is the oldest valid generic name in the phylum ROTIFERA. 
Heavily loricated forms; lorica broad and covers the trunk completely; may be 
one piece when it continues around the body or two pieces united through 
flexible cuticle; dorsal plate arched , ornamented in some, whereas ventral 
plate relatively flat; lorica in some species stippled, antero-dorsal edge always 
with even number of spines (two , four, six etc.); antero-ventral (= mental 
margin or pectoral margin) rigid or flexible but may be wavy or smooth with 'v' 
or 'u' shaped notch; with or without spines; postero-Iateral spines present or 
absent depending upon the species and may seasonally appear or disappear 
even in the same species; postero-median spines (caudal spines) mostly 
present and flank the foot, anterior portion of the body projects from lorica in 
the form of coronal disc which bears a circlet of cilia and three prominences 
covered with cilia of larger size; foot long, slender, annulated, retractile, with 
two toes, with no spur or spine, highly contractile and projects from the 
postero-ventral edge of lorica, imparting a subsquare aperture in dorsal plate 
and a large usually oval aperture in the ventral plate; foot sheath seldom 
present; large mastax with malleate trophy; single germovitellarium; males of 
most species known. 
Most species are thermophilic. Global distribution shows the greatest 
number of species in subtropical and tropical areas (Green, 1972b). The 
species belonging to this genus are highly polymorphic and they are not 
generally reported from acid waters but some species thrive well in saline and 
alkaline waters. This is by far the best-known genus from India and it 
embraces twenty-one species with more than eleven forms and three 
subspecies. However, only fourteen species with four subspecies are 
represented in the present study under this genus. 
Type: Brachionus calyciflorus Pallas, 1766 
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CLASSIFICATION OF SPECIES BELONGING TO THE GENUS 
BRACH/ONUS 
In the genus Brachionus, the following characters are regarded by 
Ahlstrom (1940) and Gillard (1948) as the specific taxonomically important 
ones: a) number of the occipital spines (six, four, two, wanting) ; b) length of 
the anterior spine and position of the longest spine; c) basal plate (present or 
absent) ; d) mental (pectoral or ventral) margin (fleXible, rigid , with spine like 
protuberances with median sinus, irregularly elevated towards centre) ; e) 
posterior spines (present or absent, if present, the direction of development) ; 
f) eXtension of the dorsal plate (over or not overhanging on the foot opening, 
with or without knee like swellings on the inner side near the base) ; g) foot 
sheath (present or absent); h) ornamentation of the lorica; i) lateral view of the 
posterior part of the lorica (truncated or pointed) ; j) shape of the occipital 
spines (saw-toothed or not); k) lorica (divided or undivided into dorsal and 
ventral plates) ; I) foot opening (with or without anchor-shaped spines); m) 
length of the anterior median spines. According to the Sudzuki 's opinion, all of 
the above criteria have not always the same value as taxonomic characters 
for the species; of all, the features of the occipital spines and the mental 
(ventral or pectoral) margin are the most important. Based on the 
morphological characters especially the number of occipital spines, Rultner-
Kolisko (1974) divided the genus into groups (= Formenkreis) i.e., clusters of 
similar and recognized related species ranked together as angularis group, 
urceolaris group etc. Later on , Koste (1979) and Sudzuki (1999) have 
remodified this division and the species groups within the genus are: patulus 
group, pa/a (= calyciflorus) group, plicatilis group, caudalus group, 
quadridentatus group, angularis group, forficula group, budapestinensis 
group, pterodinoides group, falcatus group, urceolaris group and sessilis 
group. However, under each species a number of forms I subspecies 
occurred and hence I have adopted a combination of the keys of Koste and 
Shiel (1987) and Sudzuki (1999) with certain modification for describing the 
taxa represented in the present study. 
KEY TO THE SPECIES GROUPS OF GENUS BRACH/ONUS 
01 . Pectoral margin with spines; (>2 pairs) ............ ..... p atulus or donneri group 
Pectoral margin without spines ...... .. .. ....... ... ............. . .. . .... ... ... ... ... .. .. 2 
02. lorica soft, sac formed; dorsal and ventral plates not distinguishable ...... . 3 
Lorica stiff, vase shaped; dorsal and ventral plates distinguishable ........ .. 4 
03. Occipital spines usually two pairs .... ... .. .... ... ..... .. ..... ...... .... .. pala group 
Occipital spines usually three pairs; pectoral margin usually four lobed ..... . 
.. .. ... ... ............... : ........ .. .. .. .... ... ... ... ...................... . ... . plicatilis group 
04. Dorso-posterior plates double-deckered ....... ... ... . ........ . .. .. .. ................ 5 
Dorso-posterior plates other wise ... .. ..... ..... ............ ............ ..... .. ... .... ... .. .. ... 6 
05. Dorso-caudal extension (above the foot opening plate) weakly develop .. . . 
.. .... ........ .. .......... .... ... ... .... ... ... ... ... .. ... ..... . .... ........... . caudatus group 
Dorso-caudal extension (above the foot opening plate) well developed ....... 
.. ............. ........ . .. ...... . .. . ... .. .... ..... .... .. ... . .. .. ..... .. quadridentatus group 
06. Occipital spines present or absent, if present it is obliterated ... ..... ....... ... . 
..... . .... .... .. .... .. ........ ........... ... ... ... .. . ... ...... .. ... . .... .. ..... . angu/aris group 
Occipital spines present and well developed ...... ... .. ... .. ...... .. .. .. .......... . 7 
07. Occipital spines usually two pairs .................................... .. .... .... ...... .. 8 
Occipital spines usually three pair ...... ...... ........ ... .. .. .......... .. .. ........ .... 9 
08. Posterior spines long ........ .. .. .... ....................... .. ... .. .. .. .. forficula group 
Posterior spines absent (usually) .. .... .... .. .. . ......... .. budapestinensis group 
09. Longer occipital spines present.. ............ .. ... .. ...... .. ........ .. falcatus group 
longer occipital spines absent .. ......... .. .. ..... .. ... .... ....... .............. ...... 10 
10. Foot opening (position) ventraL ....... .. .. ........ ... .. .. .. .. pterodinoides group 
Foot opening (position) terminaL .... . .. .. .. .... ... .. .. ... . .... .. . .. . .. .... .. .... .. ... 11 
11 . Intermediate spines well developed ........ .. ............ .. .. . .... urceo/aris group 
Intermediate spines present or absent, if present it is obliterated .......... .. 
.. . .. . .. . ... ... .. ....... .. . .. ... . .. . ......... .. ... .... .. ... ... ... . ..... ... . ... .. sessilis group 
KEY TO THE SPECIES IINFRASPECIES OF ANGULARIS GROUP 
A total of 13 species and eight infraspecies are listed under the 
angularis group by Sudzuki (1999) in his monograph entitled 'An Approach to 
the Identification of Common Rotifers'. However, in the present study only one 
':3 
species (8. angularis) and one ecomorph were recorded and therefore, the 
key given below is chiefly on species recorded in the Indian waters under this 
group. 
01 . Posterior projections incurved ........ .. ... ... .......... . angularis Gosse, 1851 
Posterior projections otherwise ............ ... .... ...... ....... ... ............. ....... . 2 
02. Occipital margin with toothed notch; posterior projections parallel-sided .. . 
.. ....... .... ... ... ... ... .... .. .. . ... ....... .. .. . .. ..... .... . ... ....... ... bidens Plate, 1886 
Occipital margin without toothed notch; posterior projections strongly 
incurved or fused .. .. .......... . ... ... .... ..... .... .... .. ..f. aestivus Skorikov, 1914 
Brachionus angularis Gosse, 1851 
(Figs. 6-11) 
8rachionus angularis Gosse, 1851 , p. 203; Hudson and Gosse, 1889, pI. 27, Fig. 4, pI. 30, 
Fig. 9; Ahlstrom, 1940, T.fig.1; Sudzuki , 1955, Text. Fig. 1; 1964, p. 96, pl . 2, Figs. 1-
18; 1999, p. 22, pI. 5, Fig. 1, p. 46, pl. 26, Fig. 5; Voigt, 1957, p.155, T. 19: 2, 3; Arora, 
1963, p.115, Fig. 5; Nayar, 1968, p. 171 , Figs. 4 - 8; Nayar and Nair, 1969, p. 226; 
Nair and Nayar, 1971 , p. 46, Fig. 12; Dhanapathi, 1974, p. 366; Sharma, 1980a, p. 
227, Figs. 2 - 3; 1980b. p. 251 , Figs. 3 - 4; 1983, p. 33, Figs. 10 - 13; Kannan and 
Govindasamy, 1991 , p. 39, pl . II , Fig. 2; Bathish, 1992, p. 87, Fig. 72; Singh and 
Shakuntala Pandey, 1993. p. 140, Fig. 1. 
Brachionus papuana Daday, 1897, p. 142, Fig. 9 
Brachionus angularis f. aestivus Skorikov, 1914 
8rachionus angularis f. apicata Tschugunoff, 1921, pl. 1, Figs. 1 - 8 
8rachionus angularis f. pseudodolabratus Ahlstrom, 1940, p. 402, Fig. 3e. 
Brachionus angularis f. culosa Wulfert, 1956, p. 402, Figs. 3a - c 
Brachionus angularis var.irregularis Wulfert, 1956, p. 402, Fig. 3e 
Brachionus angularis var. bidens Arora, 1963, p.115 
8rachionus angularis angularis Koste and Shiel , 1987, p. 993, Figs. 22:1, 2, 3a - h 
8rachionus angularis orientalis Sudzuki , 1991 , pI. 3 - 4 
Srachionus angularis f. daitojimensis Sudzuki. 1992, pl . 1, Figs. 1 - 7 
Material: Several parthenogenetic females from Veli-Aakulam and Poonthura 
estuaries. 
, 
Description: Lorica firm, lightly or heavily stippled, divided into dorsal and 
ventral plates; antero-dorsal margin with two median spines, laterals 
and intermediates absent; mental margin rather undulate, somewhat 
elevated without a central notch; foot opening with a 'u' shaped 
aperture and two short bluntly pointed protuberances in the ventral 
plate, relatively close together and convergent. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Length of antero-median spine 
Size of resting egg 
Size of subitaneous egg 
Maximum width-total length ratio 
BO-116IJm 
76-961Jm 
7 -11 IJm 
9BI64IJm 
67/47IJm 
0.74-0 .B4 
Distribution in India: Punjab, Maharashtra, Kerala , Tamil Nadu, Andhra 
Pradesh, Orissa, West Bengal and Bihar. 
Elsewhere: Australia, Germany, Malaysia, Singapore, Thailand, Nepal , Tibet, 
Japan, Tasmania and Argentina. 
Comments: B angularis is one of the most variable species of Brachionus. 
Many forms are reported worldwide. However, in the present collection 
a small morph of this species was observed (Figs.9 - 11). The important 
identification characters and the measurements of this morph are as 
follows : 
Brachionus angularis f. aestivus Skorikov, 1914 
(Figs: 9-11 ) 
Description: Small in size; not so elevated mental margin with little 
undulation; caudal protuberances so strongly bent inwards or close 
together that basely observable from the dorsal side; the outline of the 
lorica of the specimens collected from Veli-Aakulam estuary is 
somewhat ci rcular (Figs.9 -1 1) and the anterior median spines bending 
towards the middle. The specimens depicted by Ahlstrom (1940, pI. 5, 
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Figs.12 - 13) from Sholavaram Lake, Madras; Nayar (1968, p. 171 , 
Figs.7 - 8) from Rajasthan and Bathish (1992, p. 87 , Fig .72) from 
Punjab, India could belong to this form. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Size of egg 
Maximum width -total length ratio 
80-84 ~m 
73-76 ~m 
64/42 ~m 
0.93 
KEY TO THE SPECIES IINFRASPECIES OF BUDAPESTINENSIS GROUP 
01 . Occipital spines two pairs; pectoral margin two lobed ; lorica surface with 
geometrical pattern ..... .. .... . ...... ............... budapestinensis Oaday, 1885 
Occipital spines two pairs; pectoral margin undulated; lorica surface with 
or without ornamentation .... .......... . .... .. .... ..... .... dimidiatus Bryce, 1931 
Brachionus budapestinensis Oaday, 1885 
(Figs: 12 - 13) 
Brachionus budapestinensis Oaday, 1885, p. 131 , 21 1, Fig. 11 : 1 - 4, 8, 10; Sudzuki , 1955, p. 
123, Figs. 3 - 4; 1964, p. 99, pI. 5, Figs. 1 - 8; 1999, p. 49, pI. 32, Fig. 5; Koste, 1978, 
T. 12, Figs. 4a - g; 1979, p. 240, Fig. 6; Sharma, 1980b, p. 250, Fig. 7; 1983, p. 33, 
Fig. 26; Koste and Shiel, 1987, p. 988 - 989, Fig. 20: 4a - g; Bathish , 1992, p. 87, Fig. 
71: 1 - 2. 
Brachionus punctatus Hempel, 1896, p. 310 - 317; Voigt, 1957, pl . 21 , Figs. 8e - d 
Brachionus budapestinensis var. puncta/us Arora, 1963, p. 118, Fig . 1. 
Material: Several of parthenogenetic females from Vel i-Aakulam and 
Poonthura estuaries. 
Description: Lorica firm, oval , divided into dorsal and ventral plates; 
ornamented with pattern of cuticular ridges on both dorsal and ventral 
plates; antero-dorsal margin with four spines; median pair longer than 
2C 
laterals and their distal end curved ventrally; posterior spines wanting , 
mental margin nearty straight; foot opening more or less rounded . 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Length of antero-median spine 
Length of lateral spine 
121-126~m 
87-100 ~m 
27-35 ~m 
20-26 ~m 
Distribution in India: Punjab, Maharashtra, Kerala , West Bengal and Assam. 
Elsewhere: Germany, Bohemia, Sweden, Russia, Australia, Japan and Sri 
Lanka. 
Comments: This species does not show much morph variations. 
KEY TO THE SPECIES IINFRASPECIES OF CAL YCIFLORUS GROUP 
01. Occipital spines 3 in number. ...... .. .... ... . ....... ........... ... tridens Hood, 1893 
Occipital spines 2 pairs ..... ........ ............ .......... .... .. .. .. ... ............ .. ..... 2 
02. Occipital median spines with serration (near the base) ; pectoral (mental) -
margin flanked with two small spines ............ .... .. borgerti. .. ... .. ...... ... 12 
Occipital median spines without serration; mental margin without spines 
.... ........... ....... ......................... ....... . calyciflorus .. . .......... ..... .. ... .. .... 3 
03. Posterior elongation (calyx-shaped) ; occipital spines funnel shaped ... .. .. . . 
.... ...... ... ..... .. ... ....... ... .... ........... .......... .... .. ... .f. spinus Sudzuki , 1992 
Posterior elongation ; occipital spines are not as above .. .... ............ ..... .. . 4 
04. Postero-median spines present; some times rudimentary ...... ...... .. ... . ... .. 5 
Postero-median spines present; well developed ...... ....... ..... ........... ' ... ... 6 
05. Postero-Iateral spines, two and asymmetrical. . .f. asymmetrica Koste , 1979 
Single postero-Iateral spine .............. ... .. ... ... f. heterospina Saksena, 1989 
06. Postero-median spines short and thick ..... . .f. taketomiensis Sudzuki , 1992 
Postero-median spines otherwise .. ... .... .... ... ... ............. . ...... ............. .. 7 
07. Occipital median spines length - body width ratio> 1/3 .. ..... ...... ............ .. 8 
Occipital median spines length - body length ratio<1/3 ...... ...... ................. 9 
08. Posterior spines absent.. ........ . ...... ......... .... .......... f. dorcas Gosse, 1851 
Posterior spines present. ............ .. .. ... f. dorcas spinosus Wierzejski , 1891 
09. Posterior spines - frontal spines ratio greater than two .. . .. .. .. .. .. .. ..... ..... 10 
Posterior spines - frontal spines ratio less than one .......................... .. . 11 
10. Posterior spines incurved .. ........ .. .. ... .... ....... ... f. forficu/a Rudescu , 1960 
Posterior spines otherwise .. ..................... .f. monstruosa de Ridder, 1987 
11 . Body slender .................. .......... .. ........ ... .. f. anuraeformis Brehm, 1909' 
Body otherwise ........ ............... ... ....... .... .f. amphiceros Ehrenberg,,1838 
12. Posterior spines absent... .... ... .. .. . .. .. .. . ..... .. .............................. .. ..... 13 
Posterior spi nes present... .. ............ . , .... ....... ................................ .. 14 
13. Postero-median spines short ........ .. .. .... ... .. f. brycei de Beauchamp, 1932 
Postero-median spines long and symmetrical .. ...... f. wil/eyi Ahlstrom, 1943 
14. Poster-lateral spines asymmetricaL .......... .. ... ......... f. asymmetrica f. nov. 
Postero-Iateral spines otherwise .. . .. ...... ... . ... ..... .f. borgerti Apstein , 1907 
"As given by Koste , 1978 
Brachionus calyciflorus Pallas, 1766 
(Figs: 14 - 21 ) 
Brachionus calyciflorus Pallas, 1766, p. 93; Harring, 1913, p. 19; Voigt, 1957, p. 140, T. 19: 
8; Sudzuki, 1962, p. 51 ; 1964, p. 100, pI. 6, Figs. 1 - 17; 1999, p. 25, pI. 8, Fig. 8; 
Arora, 1966, p. 3, T. fig.1a - d; Nayar and Nair, 1969, p. 65; Nair and Nayar, 1971 , p. 
45, Figs. 6 - 7; Dhanapathi , 1974, p. 364; Koste, 1978, T. 12, Fig. a - f; 1979, p. 239, 
Fig.1; Sharma, 1983, p. 34, Fig. 40; Koste and PoItz, 1987, p. 197 - 198, Abb. 3a - j ; 
4a - t. Kannan and Govindasamy. 1991 , p. 39. pI. II , Figs. 3 - 4; Bathish, 1992, p. 79. 
Fig. 64: 1 - 3; Sharma et a/ .• 1992. p. 441 - 142. Fig. 19; Singh and Shakuntala 
Pandey. 1993. pA D, Fig. 3. 
Brachionus pala Ehrenberg. 1838. pI. 63. Fig. 1; Hudson and Gosse. 1886. pI. 27. Fig. 3, pl. 
26. Figs. 3 - 4 
Brachionus amphiceros Ehrenberg. 1638, p. 511 - 512, pI. 63, Fig. 2. 
Brachionus con Gosse 1851 . p. 203. 
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Brachionus dorcas Gosse 1651 , p. 203; Hudson and Gosse 1666, pI. 26, Fig. 4 
Brachionus deciepiens Plate, 1666, p. 73. 
Brachionus dorcas var. spinosus Wierzejski , 1691 , Fig.14 
Brachionus triOOns Hood, 1693, p. 263, pl. 12, Fig. 3 
Brachionus pala var. anuraeiformis Brehm, 1909, p. 210, Fig. 1. 
Brachionus pala dimidiates de Beauchamp, 1932, T. fig. 2a 
Brachionus pala var. inermis de Beauchamp, 1932, p.237, Fig.2d - e 
Brachionus pala var. quartaris de Beauchamp, 1932, p. 161 , Fig. 1d 
Brachionus calyciflorus var. arnphiceros f. forficula Rudescu, 1960, p. 459 - 460, Fig. 6 
Brachionus calyciflorus f. typica Koste, 1976, T. Fig.1a; Koste and Shiel , 1967, p. 990, Fig.21 : 
1c 
Brachionus calyciflorus f. monstruosa de Ridder, 1967, p. 129, Fig .2 
Brachionus calyciflorus f. asymmetrica Koste, 1979, Fig.21 : 2d, e. 
Brachionus calyciflorus f. spinus Sudzuki, 1992, p. 22, pl. 5, Fig. 3 
Material: Several parthenogenetic females from Veli-Aakulam and Poonthura 
estuaries. 
Description: Lorica flexible , oval to subcircular, not separated into dorsal 
and ventral plates; body slightly compressed dorso-ventrally, anterior 
dorsal margin with four broad based spines of variable length, medians 
longer than laterals; mental margin flexible, usually somewhat elevated 
with shallow 'v' or 'u' shaped notch; posterior spines mayor may not be 
present. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Length of antero-median spine 
Length of lateral spine 
Maximum width-total length ratio 
224-380 ~m 
121-242 ~m 
51-52 ~m 
30-35 ~m 
0.72-0.73 
Distribution in India: Jammu & Kashmir, Punjab, Haryana, Bihar, Rajasthan , 
Maharashtra, Kerala, Tamil Nadu, Andhra Pradesh, Orissa, West 
Bengal , Assam, Meghalya and Manipur. 
Elsewhere: Australia, Japan, Nepal , Sri Lanka, Thailand , Nigeria, Malaysia, 
Singapore, North America , South America and Brita in. 
Comments: B. calyciflorus is an extremely variable species. The cyclomorphs 
of this species has been extensively studied by a number of workers. 
The most illustrative field observations regarding forms or varieties in B. 
calyciflorus come from Dieffenbach & Sachse (1 911) , Hartmann (1920) , 
Wesenberg-Lund (1930) , Ahlstrom (1933), Nayal· (1 964, 1965a), Arora 
(1966c) and Saksena and Sharma (1981c) . Investigations on morph 
variations in laboratory cultures come from de Beauchamp (1952a and 
b). Yet there is difference of opinion on the systematics of this 
polymorphic species. Similarly, because of this polymorphism, an 
extensive synonymy of this species was observed in the literature. 
Different workers from different geographical areas have reported many 
ecomorphs of this species . Similarly, a variety of ecomorphs observed 
in the plankton samples during the period study and is listed below with 
their measurements and important diagnostic features. 
Form 1: Brachionus calyciflorus f. typica Koste, 1978 (Fig . 14) 
Form 2: B. calyciflorus f. heterospina Saksena, 1989 (Fig. 15) 
Form 3: B. calyciflorus f. asymmetrica Koste, 1979 (Fig . 16) 
Form 4: B. calyciflorus f. dorcas Gosse, 1851 (Fig. 17) 
Form 5: B. calyciflorus f. anuraeformis Brehm, 1909 (Fig . 18) 
Form 6: B. calyciflorus f. forficula Rudescu , 1960 (Fig . 19) 
Form 7: B. calyciflorus f. amphiceros Ehrenberg , 1838 (Fig . 20) 
Form 8: B. calyciflorus f. monstruosa de Ridder, 1987 (Fig .21) 
Diagnosis 
Form 1 Median occipital spines slightly longer than lateral ones; postero-
lateral spines absent 
Form 2 Median occipital spines as above; single postero-Iateral spine 
Form 3 Median occipital spines as above; postero-Iateral spines unequal in 
length 
Form 4 Median occipital spines much longer than laterals; postero-Iateral 
spines absent 
Form 5 Median occipital spines not as above; posterior-occipital spines 
ratio less than one; body slender 
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Form 6 Median occipital spines slightly longer than laterals; posterior-
occipital spine ratio is greater than one; postero-Iateral spines 
incurved 
Form 7 Median occipital spines and postero-Iateral spines are same as 
Form 6; but postero-Iateral spines are shorter than the former. 
Form 8 Occipital spines same as above; very long postero-Iateral spines 
Measurements (f' m) Form Form Form Form Form Form Form Form 
1 2 3 4 5 6 7 
Loricalength . 264 260 243 381 277 294 
Lorica width 190 173 156 242 190 156 
Occipital-median spine 52 52 40 121 47 52 
length 
Occipital-lateral spine 35 35 33 69 30 78 
length 
Postero-Iateral spine - 21 13/24 - 34 147 
length 
Postero-median spine 35 35 13 52 11 69 
length 
Maximum length-width 0.72 0.64 0.64 0.64 0.69 0.53 
ratio 
Brachionus ca/ycif/orus borgerti Apstein , 1907 
(Figs.22 - 27) 
8 
255 260 
121 104 
52 52 
43 52 
87 52 
52 121 
0.45 0.40 
Brachionus amphiceros var. borgerti Apstein , 1907, p. 211 , Figs. G, H; Sudzuki, 1964, p. 1- 4; 
1999, p.1-34. 
Brachionus paJa var. willeyi Apstein, 1907, p. 213, Fig. 1; Sudzuki, 1999, p. 25, pI. 8, Fig. 9. 
Brachionus caJycifJorus var. bryceide Beauchamp, 1932, p.161 , Fig.1d; Arora, 1966, p. 3, T. 
fig .1e 
Brachionus caJycifJorus var. hymani Dhanapathi, 1974, p. 364 - 365, pl . 2, Figs. 3 - 4 
Material: Several parthenogenetic females from Veli-Aakulam estuary. 
31 
Description: Lorica flexible, smooth and not separated into a dorsal and 
ventral plates; anterior dorsal margin with broad based stout spines with 
round tips; saw tooth like prominent outward extension are present from 
the base of the median spines; median spines are longer than laterals; 
mental (ventral) margin having a 'v' shaped median sinus, flanked on 
either side by two short spine like process; posterior spines mayor may 
not be present; if present, postero-Iateral and postero-median spines 
flanking on the foot opening . 
Measurements: 
Total length of the lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-Iateral spines length 
Postero-Iateral spine length 
Postero-median spine length 
Antero-ventral spine length 
Maximum width -total length ratio 
294-415 11m 
173-278 IJm 
60-87 IJm 
43-65 IJm 
43-60 IJm 
13-30 IJm 
22-39 IJm 
0.58-0.69 
Distribution in India: Punjab, Kerala, Andhra Pradesh and West Bengal. 
Elsewhere: Sri Lanka, Australia and Japan. 
Comments: A variety of morphs were collected from the Veli-Aakulam 
estuary. All these forms are different from B. ca/ycif/orus Pallas, 1766 in 
the following characteristics: i) rather stiff mental margin with a pair of 
triangular median projections, ii) accessory swelling at the outer base of 
occipital median spine; comparatively large size-groups, iii) anterior 
median spines deeply curved inwardly, forming a distinct narrow 'v' 
shape. One of the interesting observations in all these morphs is the 
presence of mental margin spine, which is constant whereas, in B. 
ca/yciflorus the mental margin shows variations, and lack of spines. 
According to Sudzuki (1998) , the shape and variations in the mental 
margin are also important criteria for the identification of a species. 
Furthermore, during the experimental studies of B. ca/yciflorus (Pallas) 
at different temperatures, feed types and salinities, almost all the 
1% 
common ecomorphs (f typica , f. anuraeiformis, f. amphiceros) of this 
taxon were observed in the laboratory. However, none of the forms of 
borgerti was observed in the cultures maintained in the laboratory. 
Therefore, based on the above mentioned facts it seems that the 
present taxon might be a subspecies or a distinct variety of calyciflorus 
rather than an ecomorph of Pallas's calyciflorus. 
The important diagnostic characters and measurements of the collected 
morphs in the present study are as follows: 
Form 1: 
Form 2: 
B. ca/yciflorus borgerti f. brycei de Beauchamp, 1932 (Fig . 22) 
B. calyciflorus borgerti f asymmetrica f. nov. (Fig. 23) 
Form 3: B. calyciflorus borgerti f. willeyi Apstein , 1907 (Fig . 25 & 26) 
Diagnosis 
Form 1 Postero-median spines short; may or may not be curved 
inwards; postero-Iateral spines absent 
Form 2 Postero-Iateral spines present; unequal in length 
Form 3 Postero-med ian spines long and symmetrical ; postero-Iateral 
spines absent or if present rudimentary 
Measurements (11m) Form 1 Form 2 Form 3 
Lorica length 346 381 407-415 
Lorica width 208 242 242-278 
Occipital-Median spine length 65 87 86-87 
Occipital-lateral spine length 52 42 52-65 
Postero-Iateral spine length - 42/32 -
Postero-median spine length - 27 54-57 
Mental margin spine length 30 21 30-39 
Maximum length-width ratio 0.60 0.64 0.42-0.58 
KEY TO THE SPECIES IINFRASPECIES OF CAUDATUS GROUP 
01 . Dorsa-caudal extension sub-square; Occipital spines > one pair; inter-
medians present; rudimentary ...... dichotomus reductus Koste&Shiel , 1980 
35 
Dorsa-caudal extension triangular ... ... .. .. ... ... .... . ... .... .... .... .. .. . ... .... ... .. 2 
02. OCcipital spines >one pair; inter-median spines present... ...... .............. .. 3 
Occipital spines usually one pair; intermediate spines usually absent... ... .4 
03. Posterior spines length 1 body width>1/2 ...... .f. personatus Ahlstrom, 1940 
Posterior spines length 1 body width <1/2 .. .. ... .. .1 insuetus Ahlstrom, 1940 
04. Posterior spines length 1 body width>1/2 ... .... .f. majusculus Ahlstrom, 1940 
Posterior spines length 1 body width <1/2 ..... ..... .... . ..... .......... .. ......... ... 5 
05. Posterior spines length 1 body width <1/2 -1/3 ..... .f. apsteini Ahlstrom, 1940 
Posterior spines length 1 body width < Yo ; OCcipital lateral spine usually 
absent... ... .. .. ... ... .. ... ... .. . .. .. ... ... .. .. . ... .. .. .. ... .1 vulgatus Ahlstrom, 1940 
Brachionus caudatus Barrois and Daday, 1894 
(Figs. 28 - 32) 
Brachionus cauda/us Barrois and Daday, 1894, p. 232, pI. 7, Figs. 9, 10, 13; Voigt, 1957, p. 
156, T . 20: 18; Arora, 1963, p. 115, Figs. 3; Dhanapathi, 1974, p. 363, pl . III , Fig . 1; 
Koste, 1978, T. 13, Figs. 8 - 10, 15, 18 - 24; 1979, p. 242, Fig. 12; Sharma, 1980a, p. 
227, Figs. 5 - 6; 1980b, p. 250, Figs. 8 - 9; 1983, p. 34, Figs. 27 - 39; Koste and Shiel , 
.1987, p. 993, Figs. 22: 4b, 23: 1, 2; Kannan and Govindasamy, 1991, p. 39, pI. II , 
Fig. 6; Sharma e/ al., 1992, p. 442, Figs. 21 - 24; Bathish, 1992, p. 83, Figs. 67: 1 - 5; 
Singh and Shakuntala Pandey, 1993, p. 140, Figs. 4-5; Sudzuki,l999, p. 24, pI. 7, 
Figs. 5 - 7, pl. 1 - 7, p. 51 , pI. 34, Figs. 1 - 4. 
Brachionus angularis var. cauda/us Murray, 1913, pl . 13, Fig. 46 
Brachionus angularis cauda/us Carlin, 1935, Fig. 4 
Brachionus angularis var. aculea/us Hauer, 1937, Fig.l a 
Brachionus angularis var. aculea/us f. la/eralis Hauer, 1937, Fig. lb 
Brachionus cauda/us f. provectus Ahlstrom, 1940, pl . 6.Figs. 1-2 
Brachionus cauda/us f. vulga/us Ahlstrom, 1940, pI. 6, Figs. 6, 8 
Brachionus cauda/us f. aps/eini Ahlstrom, 1940, pl . 6, Fig. 5 
Brachionus cauda/us f. majusculus Ahlstrom, 1940, pl . 6, Fig. 7 
Brachionus cauda/us f. insue/us Ahlstrom, 1940, pI. 6, Figs. 3 - 4 
Brachionus cauda/us f. aus/rogenitus Ahlstrom, 1940, pl . 7, Figs. 3-4; Hauer, 1953, p. 163 -
164, Figs. 3d - e 
Brachionus cauda/us var. persona/us Ahlstrom, 1940, pl . 7, Figs. 1 - 2 
Brachionus cauda/us aps/eini Sudzuki , 1991 , pl . 5, Fig. 2 
Brachionus cauda/us singapurensis Sudzuki , 1991 , pI. 5, Figs. 6 - 9 
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Material: several parthenogenetic females from Poonthura estuary. 
Description: Lorica firm, stippled, with a pattern of cuticular ridges; divided 
into dorsal and ventral plates, somewhat compressed dorso-ventrally; 
anterior-dorsal margin with two median spines, separated by 'v'-shaped 
or 'u'-shaped notch; laterals mostly longer than medians; intermediate 
spines reduced or wanting; rarely all six occipital spines present; mental 
margin rigid, slightly elevated, at times undulate, with a shallow median 
sinus; lorica terminating in two stout posterior spines, separated at their 
bases by about half width of the lorica, usually divergent and strongly 
flexed ventrally; foot opening between bases of posterior spines, with a 
'u'-shaped aperture in the ventral plate; dorsal plate overhanging foot 
opening with a triangular extension of lorica. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-dorsal spine length 
Antero-Iateral spine length 
Postero-Iateral spine length 
Maximum width-total length ratio 
103-225 ~m 
82-138~m 
13-24 ~m 
7-9 ~m 
17-87 ~m 
0.53-0.85 
Distribution in India: Punjab, Rajasthan, Maharashtra, Kerala, Tamil Nadu, 
Andhra Pradesh, Orissa, Bihar and Meghalaya. 
Elsewhere: Poland, Syria , Africa, Java, South America and Australia . 
Comments: This species is restricted to the tropical waters unlike most 
Brachionus species. The posterior spines vary from little developed to 
well developed and even asymmetrically developed. Among the 
anterior spines, the intermediate spine mayor may not be present. 
The forms observed in the present collection are given below with their 
important diagnostic characters and measurements. 
Form 1: B. cauda/us f. majusculus Ahlstrom, 1940 (Fig. 28) 
Form 2: B. cauda/us f. aps/eini Ahlstrom, 1940 (Fig . 29 & 31) 
Form 3: B. cauda/us f. vulga/us Ahlstrom, 1940 (Fig . 30) 
Form 4: B. cauda/us f. persons/us Ahlstrom, 1940 (Fig. 32) 
Form 1 Form 2 Form 3 Form 4 
Measurements (~m) 
Lorica length 156 138 104 160 
Lorica width 78 95 88 87 
Median spine length 22 13 5 9 
Antero-Iateral spine length 22 9 - 4 
Antero-intermediate spine length - - - 20 
Postero-median spine length 53 20 43 44 
Maximum length-width ratio 0.50 0.69 0.86 0.54 
Posterior spine length-body width ratio 0.68 0.21 OA9 0.51 
Diagnosis 
Form 1 Occipital spines two pairs; inter-medians absent; posterior spine 
length- body width ratio> 112 
Form 2 Occipital spines same as above; posterior spines length-body width 
ratio <1/2 
Form 3 Occipital median spines only present 
Form 4 Occipital spines three pairs; intermediate spines obliterated 
Brachionus dichotomus reductus Koste and Shiel , 1980 
(Figs. 33 - 35) 
Brachionus dichotomus f. reductus Koste and Shiel , 1980a, p. 127-134, Figs. 2, 4, 6 
Brachionus dichotomus reductus Koste and Shiel , 1987, p. 995, Fig. 23: 4a - I; Sanoamuang 
et al., 1995, p. 41, Figs. 7 - 8; Sudzuki, 1999, p. 24, pl. 7, Fig. 7 
Brachionus caudatus f. vulgatus Fernando and Nora, 1981 , p. 211 , Fig. 10 
Material: Fifty-eight parthenogenetic females from Poonthura estuary. 
Description: Lorica with long median anterior spines, which protrude as a 'v' 
shape; anterior lateral spines absent; anterior submedian spines 
rudimentary, long caudal spines; lorica at the posterior end, 
overhanging the base of the foot opening. 
Measurements: 
Total length of lorica 
Width of the lorica 
Antero-median spine length 
Postero- median length 
Maximum width-total length] ratio 
Size of egg' 
125-144 ~m 
76-113 ~m 
13-27 ~m 
36-47 ~m 
0.61 -0.78 
58/24 ~m 
Distribution in India: It is the first report from Kerala and India. 
Elsewhere: Japan , Australia, Thailand, Malaysia and Singapore. 
Comments: The specimens collected from Kerala estuaries are in conformity 
with Koste and Shiel 's description morphologically, whereas they differ 
in size. The recorded size range of this species is about 145 -185 ~m 
(including spines), whereas the present size range is 125 -168 ~m only. 
This species was first described as a dwarf form of 8. dichotomus f. 
typica from a locality of Australia (Koste and Shiel, 1980a) because of 
its morphological resemblances with 8. dichotomus dichotomus 
Shephard, 1911. But in the present collection 8. dichotomus was not 
represented . Further, Fernando and Nora (1981 ) has reported a 
species by the name 8. caudatus f. vulgatus (p. 211 , Fig .10) but this 
has a close similarity with 8. dichotomus reductus. Therefore, 
Fernando's specimen may be 8 . dichotomus reductus. 
KEY TO THE SUBSPECIES IINFRASPECIES OF FALCATUS GROUP 
01 . Longer occipital spines; median .. .. .... .. .. .. .... .. .. .... .. gessneri Hauer, 1959 
Longer occipital spines; intermediate ...... ........ . .. . ........ falcatus .. ......... . 2 
02. Occipital intermediate spines parallel sided .... ..... ... ............................. 3 
Occipital intermediate spines divergent .. ....... .. ...... ... .... ............ .. ........ 4 
03. Postero-Iateral spine length - body width ratio>112 ...................... ...... .. 
..... ... ...... .... .................... ... ... ....... ... .. . .f hamatus Lemmerman, 1908" 
Postero-Iateral spine length - body width ratio<1/2 .. ... .. ... ............ ... .... . 
... .... .. .... ... .. ... .... ... .... ... . ........ ... ... ........ .f reductus Koste & Shiel 1983 
04. Posterior spines incurved ..... .. .... ... ... ... .. .. ........ ... .... . .. .t. ,B Apstein, 1907 
Posterior spines otherwise .. .... .. ..... .. . .. ....... f. Iyratus Lemmerman, 1908" 
" Quoted from Suzuki , 1999 
Brachionus fa/catus Zacharias, 1898 
(Figs. 36 - 39) 
Brachionus falcalus Zachanas, 1898, p. 401-403, Figs. 28-35; Ahlstrom, 1940, p.l64, Fig.l 0: 
1 - 2; Sudzuki, 1956, p. 416, Fig.l ; 1964, p. 103, pl . 9, Figs. 1 - 7; 1999, p. 27, pI. 10, 
Figs. 8-8; Voigt, 1957, p. 151 , T. 21, Fig. 10; Dhanapathi, 1974, p. 351 , pl . I, Fig. 3; 
Koste. 1978, T. 14, Fig . 14: 2; 1979, p. 251 , Fig. 28; Sharma, 1980a, p. 228, Fig. 9; 
1980b, p. 251 , Fig. 11 ; 1983, p. 35, Fig. 19, 51 ; Koste and Shiel, 1983, p. 114, Fig. 3 a -
f; 1987, p. 981 , Fig. 17: la - e, g, h; Kannan and GOIIindasamy, 1991 , p. 39, pl . II , Fig. 
7; Sharma el al., 1992, p. 443, Figs. 30 - 32; Bathish, 1992, p. 84, Figs. 68: 1 - 2; 
Shakuntala Pandey and Singh, 1993, p. 145, Fig. 1. 
Brachionus falcalus f. hamalus Lemmerman, 1908, Fig. 33 
Brachionus falcalus var. Iyralus Lemmennan, 1908, Figs. 28 - 31. 34 - 35; Arora, 1963, p. 
118, Fig. 7; Sharma. 1983, p. 35, Fig. 50 
Brachionus falcalus f. reducla Koste and Shiel , 1983, p.13 - 114, Fig. 2a, band 3e 
Material: Several parthenogenetic females from Poonthura and Veli-Aakulam 
estuaries. 
Description: Lorica firm, lightly stippled, greatly compressed dorso-ventrally 
and composed of dorsal and ventral plates; occipital margin with six 
spines, intermediates much longer than laterals and medians and 
cu rved ventrally; medians and laterals are short and almost equal in 
length; posterior spines widely separated basally, long, their width much 
more than anterior spines, parallel or bow outwards, converge, then 
twist towards their apices, thus completing full arch; dorsal plate often 
with pustules or granulated ; foot opening terminal ; mental margin firm 
and wavy without spine and without elevation towards the centre. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
Postero-median spine length 
Maximum width-total length ratio 
222-363 ~m 
119-189 ~m 
17-27 ~m 
65-121 ~m 
17-29 ~m 
80-176 ~m 
0.33-0.56 . 
Distribution in India: Punjab, Rajasthan , Maharashtra, Kerala, Tamil Nadu, 
Andhra Pradesh , West Bengal and Bihar. 
Elsewhere: Queensland , Australia , Japan, Africa, Nigeria, Thailand , 
Malaysia, Singapore and Sri Lanka. 
Comments: B. falcalus is not suc,h a variable species. Majority of the 
specimens had posterior spines bowed inwards as an adaptation for 
floatation . Different morphs are reported from Sri Lanka (Chengalath el 
al., 1974), Australia (Koste and Shiel , 1983) and India (Arora , 1963, 
Sharma, 1980a, Sharma el al., 1992). The forms represented in the 
present collection are given below with their diagnostic features and 
measurements: 
Form 1: Brachionus fa/calus f. f3 Apstein, 1907 (Figs. 36-37) 
Form 2: Brachionus falcalus f. Iyralus Lemmerman, 1908 (Fig. 38) 
Form 3: Brachionus fa/calus f. hamalus Lemmerman, 1908 (Fig . 39) 
Diagnosis 
Form 1 Posterior spines bowed inwards 
Form 2 Posterior spines not incurved; Parallel 
Form 3 Posterior spines not incurved; Posterior spine length-body 
width ratio is > 112 
3' 
Measurements (~m) Form 1 Form 2 Form 3 
Lorica length 331 311 275 
Lorica width 173 173 129 
Antero-Iateral spine length 27 26 51 
Antero-intermediate spine length 100 104 22 
Antero-median spine length 27 26 118 
Postero-median spine length 164 156 133 
KEY TO THE SPECIES IINFRASPECIES OF PATULUS GROUP 
01. Lorica with gelatinous cover ........ . ...... ............ ... B. donneri Brehm, 1951 
Lorica without gelatinous cover .. . ... .patulus group ............... ... .............. 2 
02. Occipital , postero-Iateral and foot opening spines of medium size ..... . 
......... ... ...... ................................................. .. ...... patulus (MOiler, 1786) 
Occipital , postero-Iateral and foot opening spines not as above ........ ....... 3 
03. Occipital , postero-Iateral and foot opening spines are markedly elongate .. . 
.. . .. .. .. ... ... ... ... ... ...... ... ... .. . .. . ... ... ... .. . ... ... f. macracanthus Oaday, 1905 
Occipital and postero-Iateral spines of different length; foot opening with 
three dorsal spine .............................. ...... .polycanthus Ehrenberg, 1834 
In the present investigation only one species, B. patulus was represented 
from the above-cited species/forms in the key. 
Brachionus patulus (MOiler, 1786) 
(Fig . 40) 
Platyias patulus MOiler, 1786, p. 361 ; Voigt, 1957, p. 138, T. 22: 16; Edmondson, 1959, p. 
452, Fig. 18: 30b; Arora , 1966; Nayar and Nair, 1969, p. 226, Fig. 7; Nair and Nayar, 
1971 , P. 45, Fig. 6; Dhanapathi , 1974, p. 367; Kannan and Govindasamy, 1991 , p. 
41 , p. IV, Fig . 3; Sudzuki, 
1999, p. 31 , pl. 14, Fig. 4, p. 55, pl. 38, Fig. 7. 
Noteus patulus Ehrenberg, 1834, p. 145 
8rachionus militilaris Ehrenberg, 1837, p.145 - 336; Anderson, 1889, p. 345 
8rachionus patulus var. macracanthus Daday, 1905, p. 118 - 119, Fig. 7: 2 - 5 
40 
Brachionus patulus Wulfert, 1965, p. 42; Koste, 1978, T. 8, Figs. 1 - 4; Shanna, 1980a, p. 
228; 1983, p. 33, Fig. 9; Fernando and Nora, 1981 , p. 211 , Fig. 4; Koste and Shiel , 
1987, p. 973, Fig. 14: 1-7; Bathish, 1992, p. 88, Fig. 74: 1 - 2. 
Material: A few parthenogenetic females from Veli-Aakulam and Poonthura 
estuaries. 
Description: Lorica firm, sub-rectangular, somewhat compressed dorso-
ventrally; anterior margin with ten pronounced spines, four projecting 
from the dorsal side, four from ventral side and two from lateral ; four 
posterior spines of an unequal size; dorsal medians longest and curved 
ventrally; lorica rigid dorsally and ventrally with variably formed facets; 
foot opening in ventral plate, asymmetric in shape and positions. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
Postero-median spine length 
Postero-Iateral spine length 
Greatest width- total length ratio 
Distribution in India: Kashmir, Rajasthan, Gujarat, 
Tamil Nadu, Andhra Pradesh and West Bengal. 
155-164 IJm 
116-1241Jm 
25-361Jm 
18-27 IJm 
19-241Jm 
23-291Jm 
17-22IJm 
0.71 
Maharashtra, Kerala, 
Elsewhere: Australia, New Zealand, Thailand and America . 
Comments: The phenomenon of cyclomorphosis has been observed in B. 
patulus. But in the present collection no such forms have been 
observed. 
KEY TO THE SPECIES IINFRASPECIES OF URCEOLARIS GROUP 
01 . Pectoral margin all triangular; foot opening deep ..... .. ... ..... ..... ... .. ...... .. . 
......... .................. ....... .. .... ...................... ... orientalis Rodewald , 1937 
41 
Pectoral margin not as above; foot opening not as above ..... .... .... . ... ... ... 2 
02. Height! width (pec!. elevation»1/S .. ..... ... ........................................... 3 
Height! width (pec!. elevation) <1/6 ........ .. .. ........ .rubens Ehrenberg , 1832 
03. Inter-median spines obliterated; lorica elongated .. .. .......... .. .. .. .. ... .. .... .. 
........ ........... .... ........ .. ... .. ..... .. ........... .... novae-zelandiae Morris, 1913 
Inter-median spines not obliterated ........... .. ........ .. .. ... ...... .. .. ............. .4 
04. Lorica posterior extremity extended .................... ... nilsoni Ahlstrom, 1940 
Lorica posterior extremity without extension ............... .. . .................... ... 5 
05. Lorica ovoid; the greatest width just below the middle of the lorica ........... 6 
Lorica not as above ........... .... ..... ...... ... .. ... ............... ............ . ... .... .. 7 
06. Occipital intermediate spines present and well developed (not obliterated) 
............ .. ... ... ... ......... ...... .. .. .... .. ... . .. .. ..... . urceolaris Ehrenberg , 1838 
Occipital intermediate spines usually absent if present, obliterated .. .... .... .. 
.. . .. ... ... ................... ............... .. ....... ... ...... ...... bennini Leissling, 1924 
07. Lorica posterior extremity extended like nilsoni ; postero-ventral sinus 
trifold; antero-intermediate spines present; obliterated ..... ... . .. .. ....... . ... .. 
..... ......... .... .. ........................... .... ...... .. .pseudonilsoni Sudzuki , 1992 
Posterior extremity not as above; postero-ventral sinus rounded ; antero-
Inter-mediate present; obliterated .... .. .... ........ .. .... ...... kos/ei Shiel, 1983 
Brachionus kostei Shiel , 1983 
(Fig. 41) 
Brachionus kostei Shiel , 1983. p. 33 - 34, Figs. 1 - 2; Koste and Shiel , 1987, p. 986, Fig. 19: 
7; Segers and Meester, 1994, p. 119, Fig. 13; Sanoamuang et a/., 1995, p. 41 , Figs. 9 
- 10. 
Material: One parthenogenetic female from Poonthura estuary 
Description: Six pointed occipital spines and two characteristic dorsally 
convoluted foot-opening spines; lorica stippled; mental margin 
elevated and notched med ially; the ventral plate with two cuticular 
ridges with granular borders. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Anterior lorica width 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iataral spine length 
Posterior spine length 
Maximum width-total length ratio 
Maximum width- anterior width ratio 
133 ~m 
89 ~m 
62 ~m 
13 ~m 
3-4 ~m 
13 ~m 
13 ~m 
0.67 
0.67 
Distribution in India: This is the first report from Kerala and India. 
Elsewhere: Austral ia, Papua New Guinea and Thailand. 
Comments: The present record is the fourth for this species. The species is 
observed from a single locality and also only one. The general 
morphology of the specimen from Kerala closely resembles that of 
Thailand (Sanoamuang et a/. 1995, p. 41 , Figs .9 -1 0) and Australian 
specimens (Shiel , 1983, p.33 - 34, Figs.1 - 2). 
Brachionus rubens Ehrenberg, 1838 
(Figs. 42 - 43) 
Brachionus urceo/ans var. ruOOns Ehrenberg, 1838, p. 513, pi. 63, Fig . 4 
Brachionus ruOOns Hudson and Gosse, 1886, pI. 27, Fig. 5; Voigt, 1957, p. 150, pl . 19, Figs. a 
- b; Koste, 1978, T. 9, Fig. 2 - 3; Sharma, 1980a, p. 228, Fig. 12; 1980b, p. 252, Fig . 
20; 1983, p. 32, Fig. 7; Koste and Shiel , 1987, p. 985, Fig. 19: 2; Koste and Poltez, 
1987, p. 200, Abb. 6; Pati!, 1988, p. 92; Kannan and Govindasamy, 1991 , p. 40, pi. 
III , Fig. 3; Sudzuki , 1999, p. 53, pI. 36, Fig. 4-5 
Brachionus ruOOns var. wemen Oaday, 1905, p. 87-130 
+3 
Material: A few parthenogenetic females from Veli-Aakulam and P60nthura 
estuaries. 
Description: Lorica firm, oval , smooth, compressed dorso-ventrally and 
composed of dorsal and ventral plates; anterior dorsal margin with six 
spines, medians longest; all the anterior spines have a strengthening 
rib; anterior ventral (mental) margin markedly elevated toward the 
centre, notched medially; posterior spines absent; foot opening with a 
rectangular aperture dorsally and a large rather oval aperture ventrally. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
Greatest width - total length ratio 
Anterior with - greatest width ratio 
144-190 ~m 
111-151 ~m 
22-26 ~m 
6 . 5-13~m 
11-17 ~m 
0.70-0.80 
0.68-0.76 
Distribution in India: Punjab, Rajasthan , Kerala , Tamil Nadu, West Bengal , 
Orissa, Bihar and Assam. 
Elsewhere: Australia, Germany, Turkey, Malaysia, Singapore, Hungary, 
Japan, Thailand , Africa, North America and South America . 
Comments: Rare in occurrence in the plankton samples. This species has a 
close resemblance with B. urceo/aris. These two species have been 
differentiated by their size and mental margin rather than the foot 
opening and spine variations. 
Brachionus urceoiaris Muller, 1773 
(Figs. 44, 46 & 47) 
Tubipors urceus Linnaeus, 1758 
Brachionus urceoiaris Muller, 1773, p.131 ; Ehrenberg, 1838, p. 512, pl . 63, Fig. 3; Hudson 
and Gosse, 1886, pl . 27, Fig. 6; Voigt, 1957, p. 149, T. 19, Figs.1: 11 , 14, Fig. 4: 16, 
20: 7; Arora, 1963, p. 118, Fig. 8; Sharma, 1983, p. 35, Figs. 64 - 66; Kannan and 
Govindasamy, 1991 , p. 40, pl. III , Fig. 3; Shakuntala Pandey and Singh, 1993, 
p.145, Fig. 8; Sudzuki , 1999, p. 31 , pl . 14, Fig. 1. 
Brachionus urceolaris pyriformis Banios and Daday, 1894, p. 235 
Brachionus bursarius Barrois and Daday, 1894, p. 235, pI. 7, Fig. 20. 
Brachionus urceo/aris urceo/aris Gillard, 1948, p.159; Koste, 1978, p. 77, T. 9, Figs. 3a - d; 
Koste, 1979, p. 239, Fig. 4; Koste and Shiel, 1983, p. 117, Fig. 6a; 1987, p. 985, Fig. 
19: 1 
Brachionus urceo/aris urawensis Sudzuki, 1964, p. 98, pI. 4, Figs. 12 - 14 
Material: Several parthenogenetic females from Veli-Aakulam and Poonthura 
estuaries. 
Description: Lorica smooth, rounded posteriorly, Greatest width - total length 
ratio-0.80 - 0.86, the greatest width is a little below the middle of lorica; 
anterior dorsal margin with six pointed spines, medians longer than 
laterals, laterals longer than intermediates or equal in length; anterior 
ventral (mental) margin undulate, with a shallow central sinus flanked 
on either side by a pointed protuberance; foot opening with a 
rectangular aperture dorsally and a large oval aperture in the ventral 
plate; all the anterior spines have strengthening ribs. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Anterior-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
Anterior width - greatest width ratio 
Maximum width - total length ratio 
153-209 ~m 
118-163 ~m 
26-36 ~m 
9-13 ~m 
12-13 ~m 
0.58-0.66 
0.84-0.86 
Distribution in India: Maharashtra, Bihar, Kerala, Tamil Nadu, Andhra 
Pradesh, West Bengal and Assam. 
Elsewhere: Cosmopolitan 
Comments: Though cosmopolitan, this species has not been commonly 
reported from India. It has a close resemblance with B. rubens in 
morphology. The morph, which represented in the present collection , is 
given below with their diagnostic features, figure and measurements. 
Brachionus urceolaris f. irregularispina f. nov. 
(Fig. 44) 
Diagnosis: The occipital spines greatly reduced , irregular in shape; mental 
margin sl ightly undulated . 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-inter mediate spine length 
Antero-Iateral spine length 
158 ~m 
138 ~m 
16 ~m 
11 ~m 
16 ~m 
Brachionus urceo/aris nilsoni Ahlstrom, 1940 
(Fig. 45) 
Brachionus ni/soni Ahlstrom, 1940, p. n , pl . 18, Fig. 1 - 5 
8rachionus urceolaris nilsoni Koste, 1978, T . 19, Fig. 4a - d; 1979, pi. 239 - 240, Fig. 4; 
Femando and Nora, 1981 , p. 205 - 219; Koste and Shiel, 1987, p. 987, Fig. 19: 6a-b. 
Material: Single parthenogenetic female from Poonthura estuary. 
Description: Lorica with weak pustules; foot opening spines not diverging , 
very pointed, ventrally wide foot opening; similar in shape to B. 
urceo/aris. Occipital spines have strengthening ribs . 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-Iorica width 
Antero-median spine length 
Antero-intermediate spine length 
182 ~m 
122 ~m 
87 ~m 
27 ~m 
18 ~m 
Antero-Iateral spine length 
Greatest width- total length ratio 
Anterior width- greatest width ratio 
18 ~m 
0.67 
0.71 
Distribution in India: This is the first report from Kerala and India. 
Elsewhere: America and Australia. 
Comments: Rare in occurrence. The present specimen is slightly different 
from Koste's specimen due to its more ovoid structure of lorica. 
Brachionus havanaensis trahea Murray, 1913 
(Figs. 48 - 53) 
Brachionus trahea Murray, 1913, pL 13, Fig. 48 
Brachionus havanaensis var. trahea, Voigt, 1957, p. 130 
Brachionus havanaensis trahea de Ridder, 1966 
Brachionus forficu/a kera/aiensis Nayar and Nair, 1969, p. 226, Fig. 2; Nair and Nayar, 1971 , 
p. 45, Fig. 2 
Material: A few numbers of parthenogenetic females from Poonthura estuary. 
Description: Lorica is firm and divided into dorsal and ventral plates; occipital 
margin with six spines, medians and laterals are almost equal in length 
or laterals slightly longer than medians; intermediate spines are highly 
reduced but invariably present in all examined material ; the mental 
margin is rigid , elevated with a wide V-shaped sinus, flanked with two 
pointed spines; lorica terminates posteriorly in a pair of stout subequal 
or unequal spines which are widely separated at their bases; foot 
opening between the bases of the posterior spines; no internal swelling 
on posterior spines. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
129-159 ~m 
73-91 ~m 
13-18 ~m 
2-3 ~m 
18-22 ~m 
Posterior spine length 34-49 ~m 
Distribution in India: So far known only from Kerala . 
Elsewhere: N. America 
Comments: The present species showed a close affinity to Brachionus 
forficula var. keralaiensis (Nayar and Nair, 1969). According to Nayar and Nair 
(1969) the major difference between the B. forficula Keralaiensis and B. 
havanaensis trahea are: a): distribution, and b) : the posterior spine variations. 
B. havanaensis was so far known only from North America and it has the 
posterior spines originating very close to each other. But the variation in the 
posterior spines is not a distinguishing character since the caudal spines 
showed variations in length. Similarly, the present taxon differs from B. 
forficula due to the following characteristics: 
a) The present specimen had intermediate spine which IS absent in B. 
forficula ; 
b) The present material doesn't have any internal swelling on the posterior 
spines; 
c) The mental margin of the present taxon is elevated towards the centre with 
a deeply notched sinus i'U'-shaped sinus) . 
Apart from this, Sharma and Michael (1980) and Sharma (1983) 
doubted the existence of Nayar and Nair's taxon in their reviews on Indian 
rotifers since it is reported only from Kerala . However, the existence of this 
species is now confirmed through the present study. The Nayar and Nair's 
specimen and the present material showed clear morphological similarities to 
each other. Therefore, B. forficula var. keralaiensis described by Nayar and 
Nair (1969) is a synonym of B. havanaensis trahea than a variety of B. 
forficula . However, the localized distribution of this taxon in India shows that 
, 
further confirmation is needed on its distribution and occurrence in different 
parts of India. 
The forms represented in the present collection are given below with 
their diagnostic features and measurements. 
Form 1: Brachionus havanaensis trahea f. ah/stromi f. nov. (Fig.51) 
Form 2: Brachionus havanaensis trahea f. asymmetrica f. nov. (Fig. 52) 
Diagnosis 
Form 1 Foot opening spines incurved 
Form 2 Foot o~enin~spines unequal in length 
Measurements(llm) Form 1 Form 2 
Lorica length 129 151 
Lorica width 73 86 
Antero-median spine length 13 17 
Antero-intermediate spine length 2 2 
Antero-Iateral spine length 22 22 
Postero-median spine length 34 30/38 
KEY TO THE SPECIES IINFRASPECIES OF QUADRIDENTATUS GROUP 
01 . Longest occipital spines , median ... .. ... ......... .. . .................................. 2 
Longest occipital spines, lateral. ............. ......... .... . .... mirus Daday, 1897 
02. Spines (length) of foot opening plate/body (width) ratio>1/3 .. .. .. ... ..... . ..... . 
.... ... .. ... ........ . .. . ... ... ............... .. . .... .. ... ... ... ...... . mirabilis Daday, 1897 
Spines (length) of foot opening plate/body (width) ratio<1/4 ..... .......... ... .. 3 
03. Dorsa-caudal extension pointed in the middle ..... f. sericus Rousselet, 1907 
Dorsa-caudal extension otherwise .......... ...... .... .. ... .... .. ....... ... ......... . .4 
04. Occipital median spines divided ........ . ........ ambidentatus de Ridder, 1991 
Occipital median spines not divided ................. . ....... ......... .. ... ....... .... . 5 
05. Postera-Iateral spine (Iength)/body (width) ratio<1/2 ...... .. .... .... .. ............ 6 
Postero-Iateral spine (Iength)/body (width) ratio>112 .. ................ ... .... .. 16 
06. Postero-Iateral spine (Iength)/body (width) ratio between1/2-1/3 ............. 7 
Postero-Iateral spine (Iength)/body (width) ratio<1/3 ........................... 1 0 
07. Spines of foot opening plate mayor may not be present.. .................... . . 
.. ............. ... ... ... ........ . ... ... ......... ... .. ..... ..f. po/yceros Schmarda, 1859 
Spines (length) of foot opening plate- body width ratio=1/5 ................ . .. . 8 
08. Lorica rectangular .. . ......................... ............................................. 9 
Lorica square ........... .. ..... ...... ... ... ..... . f. me/heni Barrois & Oaday, 1894 
09. Spines of foot opening thick ........ ............ .. ... f. rectangularis Lucks, 1929 
Spines of foot opening otherwise ................. .f .michaelsoni Daday, 1908-
10. Postero-Iateral spine absent... ........................ .. ...................... .. ..... 11 
Postero-Iateral spine (Iength)/body (width) ratio-1/3-1/10 .. .. ................. 12 
11 . Lorica posterior margin truncated ............ .... f. rhenanus Lauterborn , 1893 
Lorica posterior margin tapering ........ .... .... .... .. f. schwoebeJi Koste, 1988 
12. Spines of foot opening plate stout... .. .... ........ .f. urawensis Sudzuki , 1964 
Spines of foot opening otherwise .. .. ........ ... ...... ...... ......................... 13 
13. Lorica rectangular. .... ...... .. .. .... .... .. .. .. .......... ...... .f. enzii France, 1894-
Lorica otherwise .. ........ .. .. ........ ........... ...................................... ... 14 
14. Pectoral margin elevated .. .... .. .. ....... ..f obesus Barrois and Daday, 1894 
Pectoral margin not elevated ...... ........................................ .. .......... 15 
15. Lorica granular ...... .... .................. .. ... .. .. .... f. granulatus Kertesz, 1894-
Lorica otherwise .............................. .. ......... .. f. fOl/eborni Daday, 1908-
16. Spines of foot opening present... ............ .. . .f. brevispina Ehrenberg, 1838 
Spines of foot opening mayor may not be present... .............. .. .... .. .... 17 
17. Postero-Iateral spines bent outside .. .......... f. divergens Tschugunoff, 1921 
Postero-Iateral spines otherwise ...... ........... .f. curvata Tschugunoff, 1921 
-As given by Sudzuki (1999) 
Brachionus quadridentatus Hermann, 1783 
(Figs . 54 - 57 & 59) 
Brachionus quadridentatus Hermann. 1783, p. 47, T. II , Fig. 11 : 9; Ahlstrom, 1940, p.165. pl. 
XI . Fig. 9, pI. XII , Figs.1 - 9, PL. XIII . Fig. 3; Voigt, 1957, p. 141 , T. 21 : 2 a - d, 30, 27: 
2; Arora, 1963, p.18, Fig. 9; Dhanapathi , 1974, p. 359, pI. I, Fig. 2; Koste, 1978. T. 
11. Figs. 4a - k; Sharma. 1980a. p. 228, Fig. 11 ; 198Ob, p. 251 , Figs. 17 - 19; 1983. 
p. 35. Figs. 57 - 62; Koste and Shiel . 1983. p. 45 ; 1987. p. 978. Figs. 16: 1 - 6; 
Kannan and Govindasamy. 1991 . p. 40. pl . III . Fig. 10; Bathish. 1992. p. SO. Fig. 65: 
1 - 8; Sharma et al.. 1992. p. 444. Figs. 32 - 35; Shakuntala Pandey and Singh. 
1993. p.145. Fig. 5; Sudzuki . 1999. p. 31 . pl . 14. Figs. 2 - 3. p. 54. pI. 37. Figs. 5 - 6. 
Brachionus bakeri Muller. 1786. p. 359. T . XLVII. Fig. 13. T . L. Figs. 22 - 23; Hudson and 
Gosse. 1886. pI. 27. Fig. 8 
Noteus bakeri Ehrenberg. 1830. p. 48 
Brachionus brevispina Ehrenberg, 1838, pI. 64, Fig.1 . 
Brachionus latissimus Schmarda, 1854, p. 18, pl. IV, Fig. 4 
Brachionus chilensis Schmarda, 1859, p. 65, pl . X:V, Fig.136. 
Brachionus ancylognathus Schmarda, 1859, p. 65, pl . X:V, Fig. 137. 
Brachionus po/yceros Schmarda, 1859, p. 65, pl . X:V, Fig. 138. 
Brachionus pustulatus Schmarda, 1859, p.65, pl . XV, Fig.139. 
Brachionus leydigi Cohn, 1862, p.215, p1.22, Figs.1-3. 
Brachionus bidentata Anderson, 1889, p.357 
Brachionus menanus Lauterbom, 1893, p. 254; Voigt, 1957, pl . 21 . Fig. 7; Sharma, 1980b, p. 
251 , Fig.18 
Brachionus bursarius Barrois and Daday, 1894, p. 235, pI. 7, Fig . 20 
Brachionus capsuliflorus var me/heni Barrois and Daday, 1894, p. 233, pl . 7, Fig.18 
Brachionus bakeri var. hyphalmyros Tschugunoff, 1921 , pI. 1, Fig. 8 
Brachionus bakeri var. hyphalmyros f. curvata Tschugunoff, 1921 , PI. I, Fig. 9 
Brachionus backeri var. hyphalimyros f. divergens Tschugunoff, 1921 , PI . I, Fig.10 
Brachionus leydigi quadratus Sudzuki , 1964, p. 107, pI .8, Fig.10-11. 
Brachionus quadridentatus wrawensis Sudzuki , 1964, p. 107, pl. 13, Figs. 1-2 
Brachionus quadridentatus f. monospina Saksena and Kulkami, 1986 
Material: Several parthenogenetic females (both ovigerous and non-
ovigerous) from Poonthura and Veli-Aakulam estuaries. 
Description: Lorica barrel-shaped , swollen at its posterior third , prolonged 
posteriorly in two stout and parallel lateral spines, their length is usually 
more than half the length of the body without spines; anterior dorsal 
margin with six well developed spines, medians longest and bent 
outwards, laterals slightly divergent; mental margin elevated, wavy with 
a median notch flanked on either side by a small tooth like papilla ; the 
ventral-posterior portion of the lorica forms a typical tubular sheath 
surrounding the foot opening; lorica markedly stippled. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
31 
193-280 ~m 
151-196 ~m 
33-73 ~m 
Antero-intermediate spine length 
Antero-Iateral spine length 
Greatest width - total length ratio 
8-17 IJm 
21-56 IJm 
0.70-0.78 
Distribution in India: Punjab, Rajasthan, Bihar, Maharashtra, Kerala , Tamil 
Nadu, Andhra Pradesh, Orissa, West Bengal and Meghalaya. 
Elsewhere: Australia, Japan , New Zealand , S. America , Sri Lanka, Argentina 
and Thailand. 
Comments: B. quadridentatus is a very common, widely cosmopolitan, highly 
variable species, having an extensive synonymy. In Wiszniewski (1954) 
catalogue about 80 synonyms including varieties are listed. Several 
varieties or forms are reported from different parts of the world, but due 
to the existence of many intermediate forms, these so-called varieties 
are not sharply separable. The polymorphism in this species was 
studied by Saksena and Kulkarni (1986) . According to their study, most 
of the B. quadridentatus varieties are forms only. A number of forms are 
also recorded in the present collection. The recorded forms are given 
below: 
Form 1: B. quadridentatus f brevispina Ehrenberg, 1832 (Fig.54) 
Form 2: B. quadridentatus f aspina Saksena and Kulkarni , 1986 (Fig . 55) 
Form 3: B. quadridentatus f divergens Tschugunoff, 1921 (Fig . 56) 
Form 4: B. quadridentatus f. melheni Barrois and Daday, 1894 (Fig . 57) 
Form 5: B. quadridentatus f curvata Tschugunoff, 1921 (Fig . 59) 
Measurements (11m) Form Form Form Form Form 
1 2 3 4 5 
Lorica length 194 155 415 227 220 
Lorica width 157 151 208 121 196 
Antero-median spine length 34 43 86 53 76 
Antero-intermediate spine length 9 13 11 11 18 
Antero-Iateral spine length 13 22 26 20 27 
Postero-Iateral spine length 22 56 159 100 104 
Postero-median spine length - - - - -
Maximum width-total length ratio 0.78 0.97 0.50 0.53 0.89 
Form 1 
Form 2 
Form 3 
Form 4 
Form 5 
Diagnosis 
Small in size, small postero-Iateral spines; lorica barrel-shaped 
Single postero-Iateral spine; lorica small 
Postero-Iateral spines long and diverged 
Long occipital median spines; long postero-Iateral spines; lorica 
roughly square 
Postero-Iateral spines long and curved 
Brachionus quadridentatus mirabilis Daday, 1897 
(Fig .58) 
Brachionus mirabilis Daday, 1897, p.140, Fig. 8; Harring, 1913, p.22; Ahlstrom, 1940, p.167, 
pI. XI, Figs.5 - 8; Sharma, 1983, p. 35, Fig. 63; Sharma et al., 1992, p. 438, Fig. 8. 
Brachionus quadridentatus mirabilis Koste, 1978, p. 75.T. 11 : 5 a - d; Koste and Shiel , 1987, 
p. 980, Figs.12, 16: 3; Shakuntala Pandey and Singh, 1993, p. 145, Fig. 6. 
Material: One parthenogenetic female from Poonthura estuary. 
Description: Lorica barrel-shaped, anterior dorsal margin with six well 
developed spines, medians longest and bent outwards, laterals slightly 
divergent; antero-median, postero-rnedian, postero-Iateral spines 
extremely long. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Antero-interrnediate spine length 
Antero-Iateral spine length 
Postero-rnedian spine length 
Postero-Iateral spine length 
Greatest width - total length ratio 
247 ~m 
136 ~m 
38 ~m 
18 ~m 
27 ~m 
89 ~m 
129 ~m 
0.56 
Distribution in India: Bihar, Kerala, West Bengal and Assam. 
Elsewhere: Pan tropical , Australia, Africa, South and Central America, New 
Guinea, Thailand, Malaysia and Singapore. 
Comments: It is the first report from Kerala. Koste (1978) considered it as a 
subspecies of B. quadridentatus, but according to Sharma (1979, 1983) 
and Sharma et al. (1992) it is a separate species. However, this taxon 
has close resemblance with B. quadridentatus as the mental margins of 
both are similar. ' Because of the close similarities between these two 
species, Koste's opinion seems to be more applicable for this taxon 
than that of Sharma. One of the interesting observations on this species 
is its occurrence. The occurrence is very rare. Only one specimen was 
represented in the present collection. 
KEY TO THE SPECIES IINFRASPECIES OF PLICA TILlS GROUP 
01. Lorica triangular ..... . ... .. ... . ......... ...... .... .................................... .... .. 2 
Lorica not as above .. .. .... .. ... ..... .... .............. .... . .............. . .... ...... .. .. .4 
02. Occipital spines finger-like; pectoral margin with all triangular projections ... 
.................... ...... .... ..... ... ....... .... ... .. ... bayleyi Sudzuki & Timms, 1977 
Occipital spines and pectoral margin are not as above ............... ..... .... .. 3 
03. Posterior spines present; two numbers and stout. .................. ......... .... . 
........ ... ... . ...... ... .. . ... .. .... ... ...... ... ... ..... ... ..... satanicus Rousselet, 1913 
Posterior spines absent.. ........... ....... .. ..... ... ... spatiosus Rousselet, 1907 
04. Lorica elliptical ; occipital spines saw-teethed; broad based; pectoral 
margin four lobed ............. ................................ .. . plicatilis Muller, 1786 
Lorica, occipital spines and pectoral margin are not as above ................ 5 
05. Lorica vase-shaped ; occipital spines small based; elevated lateral pectoral 
projections ....... ... .... . ... ....... ... ... .. .... .. .. . rotundiformis Tschugunoff, 1921 
Lorica not as above; inter-medians comparatively short; pectoral margin 
four lobed showed considerable variations (some times obl iterated or wavy 
or scalloped or straight line) .............................. ... murray Murray, 1913 
Brachionus plicatilis MOiler, 1786 
(Figs. 60 - 73) 
Brachionus plicatilis Mulier, 1786, p. 344, pI. L, Figs. 1-8; Hauer, 1925, p.30, Fig. 3. b; 1957; 
Ahlstrom, 1940, p. 149, pI. 11, 1, 2' 6, 9; Wulfert, 1943, p. 165, Fig.1; Varga, 1951 , p. 
221 -222, Fig. 15; Wiszniewsky, 1954, p. 23 - 24; Voigt, 1957, p. 150, T. 22: 1, 27: 4; 
Sudzuki , 1964, p. 102, pl . 8, Figs. 12 - 13; Sharma, 1980, p. 251 , Fig. 16; 1983, p. 23, 
Fig. 4; YUfera, 1982, p. 56 , Fig. 1; Koste and Shiel , 1987, p. 983, Fig.18: 3b, 4a, b, d, 
f , 5; Kannan and Govindasamy, 1991 , p. 39, pl . II , Fig. 9; Bathish, 1992, p. 89, Fig. 
75: 1-2; Shakuntala Pandey and Singh, 1993, p.145, Fig. 3; Serra et al., 1998, p. 376, 
Fig. 3. 
Brachionus mulleri Ehrenberg, 1834, p. 200; 1838, pl . LXIII , Fig. V 
Brachionus hepatotomus Gosse, 1851, p, 203; Hudson and Gosse, 1886; Hada, 1937, p. 579 
- 589, Figs.1- 3 
Brachionus plica/ilis var. spatiosus Fadeew, 1925A, p. 22. 
Brachionus plicatilis f. decemcomis Fadeew, 1925A, p. 22, pI. IV, Fig. 7 
Brachionus plicatHis f. mulleriTschugunoff, 1921 , pl . 1, Fig. Ii ; Hauer, 1925, Fig. 3a 
Brachionus plicatilis f. hepatotomus Harring, 1913, p.22; Sudzuki , 1999, p. 29, pI. 12, Figs.4-5 
Brachionus plicatilis plicatilis Koste, 1978, T. 9, Figs.1a; 1979, p. 240, Fig. 7; Koste and Shiel , 
1987, p. 983, Fig.18: 3b, 4a 
Material: Several parthenogenetic females from Veli-Aakulam and Poonthura 
estuaries. 
Description: Lorica rather flexible, oval, not sharply separated into dorsal and 
ventral plates, but little compressed dorso-ventrally; anterior dorsal 
margin with six broad-based saw-tooth spines, nearly equal in length; 
mental margin rigid , separated into four lobes with considerable 
variations; lorica without posterior spines; smooth or lightly stippled; foot 
opening with small subsquare aperture ventrally . 
Measurements: 
Total lorica length 
Maximum width of lorica 
Anterior lorica width 
Distance from lateral to median spine 
Median sinus gape 
171-277 ~m 
156-225 ~m 
103-156 ~m 
33.4-68.8 ~m 
12-22 ~m 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spi ne length 
Maximum width - total length ratio 
Anterior width - maximum width ratio 
Anterior width - total length ratio 
Egg size 
20-43 ~m 
9-34 ~m 
15-30 ~m 
0.81-0.91 
0.67-0.69 
0.56-0.60 
98 x 87~m 
Distribution in India: Punjab, Bihar, Kerala , Tamil Nadu and Andhra 
Pradesh. 
Elsewhere: Cosmopolitan widely distributed in brackish water and salt 
waters. Australia, Devils Lake, North Carolina, Florida, Califomia, Britain , 
Columbia, Haiti , Brazil, Argentina, Sweden, France, Kenya, Africa, 
Thailand, Nepal , Malaysia, Sri Lanka, Germany, New Zealand, Spain, 
China and Japan. 
Comments: Among rotifers, B. plicatilis is probably one of the best-studied 
taxa because of its aquaculture potential as live feed for various fish and 
shellfish larviculture. It has been widely used as a model for physiological 
and ecological studies. However, in the last decade, several comparative 
studies (Fu et al., 1991 a, 1991 b, 1993; Rumengan et al., 1991 ; Rico-
Martinez and Snell, 1995a, b) revealed that B. plicatilis is not a single 
species but a complex of at least two morphologically recognized taxa , the 
so-called 'L' (Large) and 'S' (Small) type. On the basis of this evidence, 
Segers (1995) re-examined this existing available names and proposed 
that B. plicatilis Muller, 1786 and B. rotundiformis Tschugunoff, 1921 was 
the correct names for the 'L' and 'S' type, respectively. Since then , those 
names have been applied to several strains from all over the world . 
However, several recent studies on molecular markers and ecological 
genetic studies on B. plicatilis from Spain (Gomez and Serra, 1995; Serra 
et al., 1997, 1998) revealed that plicatilis species complex are in fact 
composed of a cluster of sibling species , and they reported the co-
occurrence of three biological species instead of two. They reported these 
rotifers under the names of B. plicatilis (the original Muller's plicatilis) , B. 
rotundiformis 'SS' type (the original Tschugunoff, rotundiformis) and 8. 
rotundiformis 'SM' type from Spanish waters. However, Serra et a/. (1998) 
expressed a doubt about the correct taxonomic status of B. rotundiformis 
'SM' type in the Spanish waters since most of the genetic characters are 
comparable to both B. rotundiformis 'SS' and 'SM'. They also reported 
morphological and reproductive variations between these rotifers. 
Because of their close genetic similarities they grouped into one category. 
Recently, Ciros-Pt3rez et al. (2001 ) based on the morphology, 
morphometric analysis, reproductive patterns and other genetic studies, 
the rotifer B. rotundiformis 'SM' was taxonomically segregated from 
Tschugunoffs rotundiformis and they named it as a new species B. 
ibericus. n. sp. 
Similarly, in the present study three morphologically distinct species 
were observed under the plicatilis complex. Based on the morphological 
characters (occipital spines and mental margin) from the original description 
and other related reports (Koste, 1978; Sudzuki, 1995, 1996, 1999) of B. 
plicatilis by MOiler (1786) correspond well with the 'L' type. 
A number of morphs were observed in the plankton samples as well as 
in the clones maintained in the laboratory at different salinity, temperature and 
feed type. The most frequently observed morphs are given below with their 
important diagnostic features and measurements: 
Form 1: 
Form 2: 
Form 3: 
Form 4: 
Form 1 
Form 2 
Form 3 
Form 4 
B. plicatilis f. m{jfleri Ehrenberg, 1838 (Fig. 62) 
B. plicatilis f. hepatotomus Gosse, 1851 (Fig .54) 
B. plicatilis f. decemcomis Fadeew, 1925 (Fig . 67-73) 
B. plicatilis f. ovalis f. nov. (Fig.69-72) 
Diagnosis 
Occipital spines broad-based; metal margin obliterated; nearly 
straight 
Occipital spines with external swellings; pectoral margin not 
obliterated 
Occipital spines without external swellings; median elevated 
pectoral margin 
Lorica ovoid to roughly spherical in shape; occipital spines scalar in 
arrangement 
57 
Measurements (~m) Form 1 Form 2 Form 3 Form 4 
Lorica length 242 192 
Lorica width 190 167 
Anterior lorica width 164 115 
Antero-median spine length 26 22 
Antero-intermediate spine length 17 11 
Antero-Iateral spine length 26 12 
Median sinus gape length 14 9 
Maximum width-total length ratio 0.79 0.86 
Anterior width-maximum width ratio 0.86 0.69 
Brachionus murray Murray, 1913 
(Figs. 74 - 90) 
Brachionus mill/eli var. murray Murray, 1913, p. 499-451 , Figs. 47a - c 
Brachionus plicatilis var. ecomis Fadeew, 1925, p. 22, pl . IV, Fig. 4 - 5 
Brachionus plicatHis ecomis Wiszniewsky, 1954, p. 24 
Brachionus plicatilis from OVII Hauer, 1925, Fig. 3b 
288 
216 
133 
29 
22 
16 
11 
0.78 
0.62 
Brachionus plicatHis 'S' type YUfera, 1982, p. 56, Fig. 1; Fu et a/., 1991, p. 30, Fig.1a 
Brachionus rotundiformis Sudzuki , 1987, p. 46, Figs.1: 8-10; 1999, p. 52, pl . 35, Fig. 5 
278 
200 
103 
23 
16 
11 
12 
0.71 
0.52 
Material: Several parthenogenetic (both ovigerous and non ovigerous) 
females from Veli-Aakulam and Poonthura estuaries. 
Description: Lorica small ovoid to elliptical and not sharply separated into 
dorsal and ventral plates; occipital spines six in number which are 
narrow markedly above the broad, inflated base and end in thin, 
acutely pointed tips or small based equilateral , equidistant triangular 
spines; the mental margin rigid and scalloped, shows considerable 
variations, irregularity of the four rounded projections; the occipital 
spines also show considerable variations especially in the relative 
length of intermediate spines ; posterior spines absent; foot opening 
with a small subsquare aperture ventrally. 
S8 
.' 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
A,ntero-intermediate spine length 
Antero-Iateral spine length 
Greatest width - total length ratio 
Anterior width - greatest width ratio 
150-213 ~m 
116-144 ~m 
22-36 ~m 
11-18 ~m 
13-22 ~m 
0.67-0.77 
0.63-0.68 
Distribution in India: .Kerala. This is the second report of this species from 
India. Gopakumar (1998) has reported this species under the name B. 
plicatilis 'S' type (Kadinamkulam strain) from Kerala. It is interesting to 
note that the distribution of this taxon in India is restricted to brackish 
water habitats of Kerala only. Because of the restricted distribution, further 
study is needed on the distribution and occurrence of this taxon in different 
brackish water habitats of India. 
Elsewhere: Japan, America, Thailand, Australia, Spain, Russia, Kenya and 
Kuwait. 
Comments: B. murray was originally established as a new variety of B. 
mOlleri var. murray based on the specimens from Murray River (Murray, 
1913). A number of workers such as Fadeew (1925) , Hauer (1925) , 
Ahlstrom (1940) and Wiszniewsky (1954) reported this taxon as variety of 
B. plicatilis (f. longicomis) . Recently Segers (1995) reviewed the present 
status of this taxon and found that it was inadequately described and 
hence, placed it under 'species inquirendae' However, in the present study 
this taxon closely match (morphological characteristics) the known species 
B. mOlleri var. murray. Although, there are similarities (morphological) 
between B. ibericus (Ciros-Perez et al., 2001) and the present taxon, 
distinct differences in the mental margin qf the forms and the relative 
length of the occipital spines especially the inter-medians (comparatively 
shorter in all the measured specimens) in different salinity and 
temperature conditions; whereas the occipital spines of B. ibericus was 
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uniform in length (Ciros-Perez et al., 2001) at one temperature (23°C) and 
salinity (12 ppt). However, these authors did not mention the 
morphological variations especially in occipital spines and mental margin 
variations at varying temperatu re and salinity. Therefore , the present taxon 
occurred in the backwaters of Kerala is named as B. murray based on the 
morphological characteristics (mental margin and occipital spines) 
mentioned in the key (Sudzuki, 1999). This would facil itate the future 
recognition of this taxon . 
The morphs represented in the present collection are given below with their 
measurements and important diagnosis: 
Form 1: B. murray f ecomis Fadeew, 1925 (Figs. 81-83 & 89) 
Form 2: B. murray f. longicomis Fadeew, 1925 (Figs. 82-83) 
Form 2: B. murray f. divergispinus f. nov. (Figs. 87-88) 
Diagnosis 
Form 1 Pectoral margin wavy or obliterated or nearly straight 
Form 2 Occipital spines equilateral; equidistant; scalloped 
Form 3 margin 
pectoral 
Occipital spines diverged especially on the lateral ones; mental 
margin four lobed 
Measurements (Ilm) Form 1 Form 2 Form 3 
Lorica length 193 213 
Lorica width 178 144 
Antero-median spine length 27 26 
Antero-intermediate spine length 13 24 
Antero-Iateral spine length 26 24 
Maximum width-total length ratio 0.92 0.67 
Brachionus rotundiformis Tschugunoff, 1921 
(Figs. 91 - 99) 
Brachionus mOl/eli Ehrb. var. rotundiformis Tschugunoff, 1921 , p. 120, pl . 1, Rg. 12 
Brachionus plicatilis var. rotundiformis Fadeew, 1925, p. 22, R g. 6 
60 
156 
129 
22 
9 
12 
0.83 
Brachionus plicatilis rotundiformis Rodewald, 1937, p. 239, Rg. 5; Wisniewski, 1934, p. 54 
Brachionus plicatilis as. YUfera , 1982, p.56, Fig.1 a 
Brachionus rotundiformis estoniana Sudzuki , 1987, p. 46, Fig. 2; Haberman and Sudzuki, 
1998, p. 335, Fig. 2 
Material: Five parthenogenetic females from Veli-Aakulam estuary. 
Description: Lorica small more rounded and not sharply separated into 
dorsal and ventral plates; occipital margin with small based acutely 
pointed spines; mental marg in four-lobed, lateral ones roughly triangular; 
foot opening with subsquare aperture ventrally and rather ovoid aperture 
dorsally. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-width of lorica 
Antero-median spine length 
Antero-intermediate spine length 
Antero-Iateral spine length 
Maximum width- total length ratio 
Anterior width-maximum width ratio 
Anterior width- total length ratio 
98-156 IJm 
87-125 IJm 
51 -73 IJm 
11-22 IJm 
9-13 IJm 
9-13 IJm 
0.80-0.89 
0.58-0.59 
0.52-0.47 
Distribution in India: Kerala. It was recorded earl ier from Dalavapuram 
(Kerala) as B. plicatilis 'S' type, Dalavapuram strain by 
Gopakumar (1998). 
Elsewhere: Caspian Sea, Japan, Kuwait, Florida, Russia and Spain. 
Comments: B. rotundiformis was originally established as B. mOlleri var. 
rotundiformis (Tschugunoff, 1921 ) from Caspian Sea. Afterwards, a 
number of workers reported this taxon under the name B. piicatilis f. 
rotundiformis (Fadeew, 1925; Ahlstrom, 1940; Hauer, 1925). However, 
aquaculturists called it as B. rotundiformis 'ss' type because of its smaller 
size than the other rotifers such as B. plicatilis and B. rotundiformis 'S' 
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type. In 1995, Segers reclassified this taxon and he confirmed that the B. 
rotundifonnis 'ss' type is the original Tschugunoffs rotundifonnis. It is 
interesting to note that in the present study unlike the B. plicatilis and B. 
murray the mental margin of this taxon was very distinct (with elevated 
lateral mental margin) in all the specimens in the plankton samples as well 
as in the cultured clones maintained in the laboratory. 
The morph represented in the present collection is given below with its 
important diagnostic features and measurements. 
Brachionus rotundiformis f. semicircularis f. nov. (Fig .97) 
(Figs. 97 - 99) 
Diagnosis: Lorica vase shaped; posterior half of the lorica swollen. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-width of lorica 
Antero-median spine length 
Antero-intermediate spine 
Antero-Iateral spine length 
Egg size 
150-155 iJm 
129-133 iJm 
73-103 iJm 
22 iJm 
13 iJm 
13 iJm 
90 iJm x 65 iJm 
Genus: Keratella Bory de St. Vincent, 1822 
Robust rectangular, trapezoid or ovoid lorica, dorsally vaulted , ventrally 
flat; anterior lorica margin with five ventrally directed spines (except Keratella 
reducta); posterior lorica rounded , tapering , terminating with a single median 
caudal spine, paired postero-Iateral spines or a single postero-Iateral spine; 
caudal spines may be absent; dorsal lorica with or without a keel, generally 
with polygonal panels (plaques) arranged in symmetric or asymmetric facets; 
medians, lateral, frontal and carinal plaques are essential taxonomic 
characters; dorsal lorica is variously structured; smooth, pitted, granular or 
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covered with fine spinules; ventral plate may have similar structures only on 
the upper part ; foot absent; corona a three-lobed circumspectly band; large 
mastax with malleate trophi . 
Type: Keratella quadrata Bory de St. Vincent, 1822. 
This genus is divided into several species based upon the following 
characters (Ahlstrom, 1943; Gillard , 1948): 
i) . the presence or absence of posterior spines, their numbers and position. 
ii) . the pattern of dorsal sculpture on the lorica. 
iii) . the proportions of the body especially as regards size, shape, width and 
depth. 
iv). the number of anterior spines. 
v) . the ornamentation of the ventral plate. 
vi) . the ornamentation of the dorsal plate. 
The genus contains to date, approximately 16 known species, which 
are placed in recognized, defined, morphological groups principally on the 
basis of the variable lorica form. The genus can be divided into three groups. 
They are quadrata, valga-tropica and cochlearis depending on their variable 
lorica. However, in the present collection only two species were recorded . 
KEY TO SPECIES GROUP OF THE GENUS KERATELLA 
01 . Anterior spines four in number; posterior spines absent .... .. .............. .. 
........ . .. . ... ... .. . .. . ... ... .. .... .. . ... .. . ........ . .. . ... ........ . ... ..... . .. Parakeratella 
Anterior spines six in number; posterior spines present or absent. .... ..... . . 
.. . ........................... Keratella ............................. . .. . .............. . .. ...... 2 
02. Lorica almost square; posterior spines equal in length ... ..... quadrata group 
Lorica tapering ; posterior spines present.. ...... .. .. .. . ........... .... .............. 3 
03. Lorica tapering ; single posterior spine .... .. .. .. .. ...... .... .... . cochlearis group 
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Lorica tapering ; two posterior spines; asymmetrica l. ..... valgaltropica group 
KEY TO THE SPECIES IINFRASPECIES OF COCHELARIS GROUP 
01 . Occipital spines curved .................... . .. .f: recuNispina Jagerskiold, 1898-
Occipital spines not as above ............ ..... . ........ .. ... .. .... .. .... . ..... .. .. ... ... 2 
02. Lorica densely covered by spinlets ...... .. .... .. .. . .f. hispida Lauterborn , 1898 
Lorica otherwise .. ........... ....... ......... ... ........ ..... .. .. ....... . ... ... .... ....... .. 3 
03. Lorica with posterior spines .. .. .. .... .. .. ..... .... .. ... .. .. ... . ....... ... .. ... .......... .4 
Lorica without posterior spines .. .. .... .. ... .. .. .... .. ... f. tecta Lauterborn , 1894 
Keratella cochelar;s (Gosse, 1851) 
(Figs. 100 -102) 
Anuraea cochelarisGosse, 1851 , p. 202; Hudson and Gosse, 1886, pI. 29, Fig. 7; Lauterbom, 
1900, p. 412-448; Voigt, 1957, pI. 23, Fig. 12 
Anuraea cochlearis recurvispina Jagerskiiild, 1894, p.19, Fig.12 
Anuraea cochlearis macracantha Lauterbom, 1898, p. 598-601, Fig.1 
Anuraea cochlearis tecta Lauterbom, 1898, p. 598-601 , Fig. 3 
Anuraea cochlearis hispida Lauterbom, 1898, p. 598-601 , Fig. 4 
Anuraea cochlearis irregularis Lauterborn, 1898, p. 598-601 , Fig. 5 
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Keratella cochlearis Harring, 1913; Klement, 1955, p. 321 , Figs.1a-c; Voigt, 1957, p. 177, T. 
23, 12, Abb. 17: Au, 8 ; Sudzuki , 1957, Fig. 13; 1962, p. 51 , Fig.14; 1964, p. 109, pl . 
15, Figs.1-16; 1999, p. 33, p1.16, Figs. 2-4, p. 57, pI. 40, Figs. 4-7; Dhanapathi , 1974, 
p. 363, pI. III, Fig. 6; Daems and Dumont, 1974, p. 70, Fig.12a-b; Koste, 1978, p.110-
115, T. 22, Fig. 4, T. 23, Figs. 7-1 2, T. 24, Figs. 1-7, T. 25, Figs.1-14; 1979, p. 245, 
Fig. 17a-d; Koste and Poltz, 1987, p. 208-209, Abb.11a-c, Abb.12; Koste and Shiel , 
1987, p. 1 008, Fig. 31:1a-c; Sharma, 1987, p. 272, Figs. 18-19; Kannan and 
Govindasamy, 1991 , p. 40, pI. III , Fig. 8 
Material: Several parthenogenetic females from Poonthura estuary. 
Description: Lorica with a stout median posterior spine which usually varies 
in length or completely wanting; anterior dorsal margin with six spines; 
medians longest, curved ventrally; intermediates usually slightly divergent, 
somewhat shorter than lateral spine, which are convergent at their tips 
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which arise at a single angle toward the ventral ; foundation pattern of the 
dorsal plate characterized by a median line behind the median frontal area 
to the base of the posterior spine; only one pair of fully enclosed carinal 
plates often present, or the dorsal pattern is absent and the postulation 
very faint. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral spine length 
Posterior spine length 
111-1511Jm 
47-861Jm 
24-51 IJm 
7-20 IJm 
9-131Jm 
13-36 IJm 
Distribution in India : Kashmir, Kerala and Andhra Pradesh. 
Elsewhere: Nepal , Australia, Spain, Germany, South America Singapore 
Thailand and Africa. 
Comments: This is also a variable species, the variability mainly on size of 
the spines and dorsal lorica pattern. The morphs represented in the 
present collection are given below with their diagnostic features, 
measurements and figures. 
Keratella coch/earis f. tecta Lauterborn, 1894 
(Fig . 101 ) 
Diagnosis: Lorica without posterior spines or obliterated 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral spine length 
Posterior spine length 
111 IJm 
86IJm 
27IJm 
7IJm 
13 IJm 
13 IJm 
Keratella each/earls f. recurvispina Jagerskibld , 1894' 
(Fig . 102) 
Diagnosis: Occipital spines long, incurved especially the intermediate spines. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral 'spine length 
Posterior spine length 
• As given by Sudzuki, 1999 
151 IJm 
47IJm 
51 IJm 
20 IJm 
11 IJm 
33 IJm 
KEY TO THE SPECIES /INFRASPECIES OF TROP/CA GROUP 
01 . Postero-median facets hexagonal ; post-median remnant present. ..... .. . 
... ... ... ...... ... ... .... ..... .. . ... .. . ... ... ... ... .... .. ... . tropica ..... ....... .......... ..... 2 
Postero-median facets hexagonal ; post-median remnant absent .. .. .. .. .. .. 
...................................... ...... .. .. ..... ............ va/ga Ehrenberg, 1834 
02. Posterior spines two in number; posterior spine-body (without spines) ratio 
<1.. ............................ .......... .1 asymmetrica Barrois and Daday, 1894 
Posterior spines one in number ......... ................ .1 aspina Fadeew, 1925 
Keratella tropica (Apstein , 1907) 
(Figs. 103 -105) 
Anuraea valga f. tropica Apstein, 1907, p.210, Fig. F: (a) 
Anuraea aculeata var. tropica T schugunoff, 1921 , Figs.13-14 
Keratella valga f. /ropica Edmondson and Hutchinson, 1934, Fig.4c-e; Hauer, 1937, Rg.30a; 
Sudzuki , 1964, p1.17, Figs.1B-19 
Kera/ella /ropica Ahlstrom, 1943, p. 451 , pl . 42, Figs. 1-20; Berzins, 1955, p. 554, Figs. 2 - 3; 
Dhanapathi , 1974, p. 363, pl. III , Figs. 4 - 5; Daems and Dumont, 1974, p. 70, Rg.13; 
Koste, 1978, p. 17, T. 17, Figs. 2 (a-b), 11 , 12 (a-b) and T. 20, Fig.1 (a - g); 1979, p. 
249, Rg. 15; Sharma, 1979b, p. 345 - 347, pl . II I, Rg. 10; 1980a, p. 228, Figs.14-15; 
1980b, p. 252, Fig. 24; 1987, p. 272, Figs. 9 - 15; Koste and Shiel , 1987, p. 1001 , 
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Figs. 26: 2, 27: 1; Kannan and Govindasamy, 1991 , pI. IV, Fig.1; Sharma et a/., 1992, 
p.444 - 445, Figs. 36 - 38; Bathish, 1992, p. 91 , Figs. 77: 1 - 4; Sudzuki ,1999, p. 56, 
pI. 39, Figs. 1 - 3. 
Material: Several parthenogenetic females from Poonthura estuary. 
Description: Lorica compressed dorso-ventrally; the anterior dorsal margin 
with six spines, medians being the longest, stoutest and curved ventral 
wards; laterals usually little longer than intermediates; lorica with two 
unequal posterior spines; right spine being always longer than the left; the 
dorsal surface of lorica consists of the median polygons and a small four-
sided structure and three pairs of marginal. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral spine length 
Right postero-Iateral spine length 
Left posterior spine length 
198-249 ~m 
62-89 ~m 
18-44 ~m 
11-33 ~m 
13-24 ~m 
47-98 ~m 
9-22 ~m 
Distribution in India: Kashmir, Punjab, Rajasthan, Maharashtra, Kerala, 
Tamil Nadu, Andhra Pradesh, Orissa, West Bengal , Meghalya and 
Manipur. 
Elsewhere: Australia, Indonesia, Africa, Malaysia, Singapore, Thailand, 
Japan, Nigeria and Nepal. 
Comments: This species show morphological variations , mainly on the 
relative length and presence of the postero-Iateral spines. According to 
Pejler (1962, 1980), some environmental factors such as temperature, 
food availability and intraspecific biotic relationships cause form variations 
in rotifers. 
The different forms represented in the present collection are given below with 
their figures diagnostic characters and measurements. 
Keratella tropica f. asymmetrica Barrois and Oaday, 1894 
(Fig. 103) 
Diagnosis: Posterior spines unequal in length. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral spine length 
Left postero-Iateral spine length 
Right postero lateral spine length 
222 f-lm 
81 f-lm 
44 f-lm 
33 f-lm 
24 f-lm 
9f-lm 
67 f-lm 
Keratella tropica f. aspina Fadeew, 1925 
(Fig. 105) 
Diagnosis: Single posterior spine. 
Measurements: 
Total length of lorica 
Maximum width of lorica 
Antero-median spine length 
Intermediate spine length 
Lateral spine length 
Postero-Iateral spine length 
DISCUSSION 
200 f-lm 
62 f-lm 
29 f-lm 
13 f-lm 
22 f-lm 
76 f-lm 
The rotiferan taxonomy was expanded explosively for the past three 
hundred years and even more intensified research is going on in different 
parts of the world and new species are still being described from well-studied 
region such as Europe, Australia and Northeast U. S. A. Currently 1817 
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species of rotifers are known to be described from different parts of the world 
(Segers, 2002). However, 310 species of rotifers belonging to 60 genera are 
so far known from Indian waters (Sharma, 1991 ). During the present 
investigation, 44 species of rotifers belonging to 15 genera have been 
recorded from Southern Kerala . Eighteen species of rotifers have been 
documented by Nayar and Nair (1969) from Irinjalakuda, Trichur (Northern 
Kerala). According to Sharma (1991), only 24 species of rotifers were 
reported from Kerala , while Harikrishnan (1993) and Anuradha Rammohan 
(1996) have documented 24 and 25 species of rotifers respectively from 
Southern Kerala, especially from Trivandrum and Kollam. Gopakumar (1998) 
reported 30 species of rotifers from different estuaries of Kerala . However, the 
total numbers of species recorded from Kerala is less when compared to the 
total number of species recorded from other parts of India. 
Out of the 44 species of rotifers recorded during this study, 22 belong 
to the family Brachionidae, five to Lecanidae, four to Filiniidae, and two to 
Mytilinidae; one species each to Epiphanidae, Trichotriidae, Notommatidae, 
Synchaetidae and Asplanchnidae. The most· diverse genus was Brachionus 
which represented 14 species in the present study. The abundance of 
Brachionus species in tropical rotifer fauna has been pOinted out by Green 
(1972), Pejler (1977b) , Sharma and Michael (1980) and Gopakumar (1998) . 
Thus, the abundance of Brachionus species in the present study is in 
accordance with the findings of workers cited above. It is also significant to 
note that the following rotifers are for the first time recorded from India: B. 
dichotomus reductus, B. urceolaris nilsoni and B. kostei; the following rotifers 
are reported for the first time from Kerala: B. calyciflorus borgerti and B. 
quadridentatus mirabilis. Among these, B. dichotomus reductus and B. kostei 
are previously considered as endemic to Australia (Koste and Shiel , 1987) 
were also found in the present collection . The other reports of this species 
from outside Australia are only from Thailand (Sanoamuang et al., 1995; 
Sanoamuang, 1998). On the other hand, the species such as B. donneri, B. 
durgae and Keratefla edmonsini are believed to be endemic to India, but in 
the present study these species are not represented in the plankton collection . 
However, B. donneri has been reported by Harikrishnan (1 993) from Neyyar 
Dam. But, Sanoamuang et a/. (1995) have reported these rotifers from 
Thailand, indicating that these are no more endemic to India. The present 
study shows the similarity of rotifer fauna of Kerala, Australia (tropical area) 
and Thailand because most of the species belonging to the genus Braehionus 
represented in these areas. Braehionus havanaensis trahea was earlier 
reported under the name B. forfieu/a kera/aiensis, a variety of B. forfieu/a by 
Nayar and Nair (1969) and Nair and Nayar (1971) from Kerala waters but the 
present study reveal that B. forfieu/a kera/aiensis is not a variety of forfieu/a ; it 
is a synonymy of B. havanaensis trahea . However, recent reviews on Indian 
rotifers (Sharma and Michael , 1980; Sharma, 1983) doubted the report of this 
variety, which is now confirmed as a separate taxon. 
In this investigation it was revealed that B. p/ieatilis is not a single 
species but a complex of at least three morphologically recognized taxa, B. 
p/ieati/is (so-called 'L' type) , B. murray (B. rotundiformis 'SM' or 'S') and B. 
rotundiformis (B. rotundiformis 'ss' by aquaculturists). Thus, the present study 
clearly illustrates that the rotifer records of Kerala requires an updating. The 
occurrence of new species in the present study has revealed that further 
study will increase the number of species and also provide more information 
about Kerala rotifer biogeography. 
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FIGURE 3: MORPHOMETRIC MEASUREMENTS 
OF BRACHIONUS 
A - LORICA LENGTH 
B - LORICA WIDTH 
C - DISTANCE BETWEEN LATERAL SPINES 
A 
D - DISTANCE BETWEEN MEDIAN & LATERAL 
SPINES 
E - DISTANCE BETWEEN MEDIAN SPINES 
F - DISTANCE BETWEEN SPINES 
G - LENGTH OF POSTERO-LATERAL SPINE 
Fig. 4: Platyias quadricomis (Ehrenberg) 
Fig. 5: Platyias leloupi Gillard 
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Fig. 28: Brachionus caudatus f. majusculus Ahlstrom 
Figs. 29 & 31 : B. caudatus f. apsteini Ahlstrom 
Fig. 30: B. caudatus f. vulgatus Ahlstrom 
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DISTRIBUTION, ABUNDANCE 
AND DIVERSITY OF ROTIFERS 
IN RELATION TO HYDROGRAPHY 
AND FOOD AVAILABITY FROM 
TWO SELECTED BIOTOPES 
INTRODUCTION 
Rotifers form the essential structural and functional components of 
pelagic communities in different water bodies. In lakes and estuaries, rotifers 
can be responsible for 95% of the total zooplankton biomass during certain 
periods (Telesh, 1995; 1998). These organisms in their presence or absence 
and in all features of their phenotype and physiology, serve as an index of 
their environment. Rotifer fauna plays a crucial role in the food chain of 
aquatic systems, since they are an excellent food source for various fish 
larvae and other aquatic invertebrates. Thus, in view of their significance in the 
aquatic system, an understanding of their pattern of distribution, intensities, 
seasonal fluctuations and relationship with the different biotic and abiotic 
environmental factors is of utmost importance before going into the details of 
the biological aspects. 
Environmental variations, both in space and time, are universal in 
nature. Most researches in population ecology attempt to unravel the 
consequences of these variations to understand the forces moulding the 
occurrence, distribution and potential of the species under investigation. 
Rotifers are exposed to a variety of ever-changing physical , chemical and 
biotic factors of dynamic environment they inhabit. However, like any other 
aquatic organism, due to their minute size, high population turnover rate and 
comparatively shorter lifespan than other large zooplankters, rotifers are 
highly sensitive and they immediately respond either negatively or positively to 
the environmental changes. Some of these changes are relatively minor, and 
the individuals in the population adjust either by accl imatization, modification 
of their position in the water column, or changes in behavior. Other 
environmental changes are more severe and eliminate the rotifer species from 
the ecosystem. 
The ecology of rotifers was widely investigated all over the world . 
Observations on the distributions and abundance of rotifers have been made 
since the seventeenth century. Ahlstrom (1933, 1934, 1938), Edmondson 
(1944), Beach (1960) and Hutchinson (1967) studied the rotifer community 
and its relationship with changes in physico-chemical parameters and showed 
that tolerance for various ecological factors influencing the population 
dynamics of a rotifer species varies considerably with its geographical 
distribution and local climatic conditions. Green (1972) found that abiotic 
environmental factors determined occurrence and fluctuations in the density of 
species in an ecosystem: 
Galkovskaya (1987) studied planktonic rotifers and their relationship 
with temperature variations. He opined that temperature influenced other 
ecological parameters of water bodies, which in turn affect rotifer abundance 
and distribution. The studies conducted by Berzins and Pejler (1 987, 1989) 
Miracle et a/. (1987), Esparicia et a/. (1989) Mikschi (1 989) , Beatriz (1998) and 
King and Serra (1 998) revealed that abiotic environmental factors such as 
temperature, salinity, pH and dissolved oxygen had a direct influence on the 
rotifer community and their distribution in natural habitats. 
The influence of biotic factors on the occurrence, rotifer density and 
importance of algal feed was investigated by Erman (1 962a, b), Gliwicz 
(1969), Radwan (1976), Dumont (1977), Pourriot (1977) , Pejler (1983) and 
Haberman and Sudzuki (1998). They found that the availability of potential 
food organisms such as algae, bacteria etc. had a direct influence on the 
occurrence and abundance of rotifer species or groups in a particular 
environment. 
Rotifers have invariably figured in Indian publications relating to general 
plankton ecology, and are reported as a dominant or subdominant component 
of freshwater zooplanktonic communities. A majority of the ecological studies 
on rotifers were conducted in West Bengal , Utter Pradesh and Jammu & 
Kashmir. Earlier workers such as George (1961 , 1966b), Arora (1966d, e), 
Michael (1968, 1985), Nayar (1970), Vasisht and Sharma (1 976) and Jyoti 
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and Sehgal (1979) studied the impact of the rotifer community upon abiotic 
environmental changes and the studies had showed that environmental 
factors like temperature, pH, dissolved oxygen and alkalinity had a significant 
influence on the occurrence, abundance and seasonal fluctuations in a rotifer 
community in different water bodies. 
George (1966) observed a summer periodicity of rotifers in tropical 
ponds, whereas Moitra and Bhowmick (1968) recorded a regular succession 
of rotifer species in water bodies. Similarly, the observations on ecology of 
rotifers in India by Qadri and Yousuf (1976, 1980), Saksena and Sharma 
(1981), Rao (1982) , Saha and Pandit (1986) , Mishra and Saksena (1990) , 
Amita and Saksena (1992) and Archana (1998) have further corroborated the 
earlier studies. It is evident from the above studies that the ecological 
investigations have concentrated only on limited abiotic factors namely the 
temperature, pH and dissolved oxygen. 
Though most of the investigations were on the rotifers of freshwater 
environments, stUdies on rotifers in the estuaries of India are very limited. The 
important observations are those of Rao and Chandra Mohan (1984), Ramesh 
Konnur and Jayapaul Azariah (1986) , Govindasamy (1988) and Govindasamy 
and Kannan (1991) and their stUdies revealed that certain abiotic factors had 
a significant influence on the occurrence, abundance and distribution of 
rotifers in estuaries. 
Detailed ecological investigations on rotifers from estuaries of Kerala 
are very few. While investigating the general plankton ecology of different 
habitats by Nair et al. (1984) , Nair and Abdul Aziz (1987). Shibu (1991) , 
Harikrishnan (1993). Bijoy Nandan (1991), Bijoy Nandan and Abdul Aziz 
(1 994) and George Thomas (1996) have observed the availability and 
abundance of rotifers in the estuarine habitats; Anuradha Rammohan (1996) 
studied the zooplankton of Kadinamkulam Lake, highly polluted due to retting 
of coconut husk, and th is study revealed that even in highly polluted areas 
rotifers were available . 
Gopakumar (1998) studied the occurrence, abundance, and seasonal 
distribution of rotifers in general and the haline rotifer , B. plicatilis in particular 
at different estuaries of varying salinity. According to him, salinity was the 
chief limiting factor for the occurrence and distribution of rotifer communities in 
the estuaries of Kerala. . 
It was also clear from the above that the rotifers form an important 
component of the plankton fauna of different estuaries of Kerala while the 
ecology of this group remains still poorly understood, despite their significant 
contribution to the aquatic production. Furthermore, most of the species 
belonging to the genus Brachionus are considered highly suitable first live-
feed for various fish and shellfish larvae. Hence, a thorough understanding of 
the general ecology of the rotifers is a must to formulate a suitable technology 
for mass production of the potential species. Keeping this in view, two different 
kinds of estuaries in Kerala were selected for the present study and the 
occurrence, distribution, diversity and seasonal fluctuations of rotifers in were 
investigated to study their relationship with the ecological parameters. 
DISCRIPTION OF STUDY AREA 
The State of Kerala characterized by a number of lagoons and 
backwaters associated with estuaries, constitute an important source of inland 
fi shery resource . These backwaters and estuaries also serve as a nursery 
ground for various finfish and shellfish larvae by providing food and shelter. 
Thus estuaries and backwaters play an important role in the economy, 
resource enhancement and diversity of the State. The first site chosen for the 
present study was Poonthura, a low-saline oligotrophic estuary situated 3 - 4 
km west of Trivandrum City on the Kerala coast, between latitudes 8°25' N 
and 8°30' N and longitudes 76°55' E and 77°00' E (Fig .1, PI. 1). The total 
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length of the estuary is 4.35 km and its mean width 0.1 km progressively 
narrowing from its barmouth to the interior part. The estuary formed by 
Parvathy Puthanar and Karamana Rivers and is roughly circular in shape 
enclosing a landmass called Edayar. These two rivers are chiefly influenced 
the water quality of this estuary. Unlike large backwaters such as the 
Vembanad and Ashtamudi Lakes, it has no permanent connection with the 
sea but separated by a narrow strip of sandy beach in between. During the 
monsoon period the barmouth breaks open for a brief period , thus establishing 
connection with the sea. The two sites were selected for the present study, 
based on the decreasing trend of salinity from the barmouth to the interior part 
of the estuarf. 
The next site chosen for the present study was the Veli - Aakulam 
estuary (an eutrophic estuary), confined to the southern part of the State and 
situated 5 km north-west of Trivandrum city (Fig . 2, PI. 2), between latitude 
8"25' Nand 8°35' N and longitude 76°50' E to 76°58' E. The lake is about 1 km 
long and 0.3 km broad, progressively widening from the barmouth to the 
eastern part. It is connected to the Kadinamkulam Lake in the north, the 
Aakulam Lake in the east and the Chackai canal in the south. Collections 
were made from three stations depending on salinity fluctuations from the 
barmouth to the interior part of the estuary (Aakulam). Of these three stations, 
Station 1 is close to the sea. When the sand bar separating the water body 
from the sea is cut open during flood times, it attains estuarine characteristics 
for short periods every year, and this station is generally characterized by high 
salinity. Station 2 is about 0.5 km north-east of Station 1 whereas Station 3 is 
the interior most segment of the Veli - Aakulam estuary with the least salinity 
and is vastly covered by weeds such as Eichomia sp., Salvinia sp. and was 
very shallow during a greater part of this study. 
MATERIAL AND METHODS 
Rotifers ·and water samples were collected from Poonthura and Veli-
Aakulam estuaries. Fortnightly zooplankton collections were made by taking 
horizontal hauls using bolting silk net (mesh size 70 11m; mouth area 0.16 m2) 
with an attached digital flowmeter (Model No. 438110) . The plankton samples 
were preserved in 4% formaldehyde and biomass determined by 
sedimentation method. Depending on the rotifer concentration, either the 
whole sample or a part (1 ml) of it was counted in a Sedwig - Rafter Counting 
Tray inorder to determine the numerical abundance of rotifers. The values for 
the whole sample were computed as number per m3 of water. 
Standard methods were followed for the analyses of the surface water 
samples and the hydrographic data were recorded . Surface water temperature 
at the time of collections was measured using a centigrade thermometer. The 
hydrogen-ion concentration (pH) of the water was estimated with the help of 
an 'Elico' pH meter. 
Samples for the determination of dissolved oxygen were collected 
separately in 125 ml stoppered glass bottles, taking precautions to avoid the 
entry of air bubbles. The samples were fixed on the spot using manganous 
sulphate and alkaline potassium iodide and estimated in the laboratory by the 
Winkler's method (Strickland and Parson, 1972) and the values were 
expressed in mg/!, 
For the estimation of salinity, samples were collected in polythene 
bottles and the values were estimated titrimetrically by the Mohr's method, 
and expressed in ppt (%0) . For nutrients analysis, water samples were 
collected in polythene bottles and stored in a refrigerator till the time of 
analysis . Inorganic Phosphate-phosphorus, Nitrate-nitrogen, Nitrite-nitrogen 
and Silicate-silicon were estimated adopting standard procedures described 
by Strickland and Parson (1972) , and the values were expressed in I1gll. 
Water samples for the estimation of hydrogen sulphide were taken in 
300 ml BOD bottles, treated with cadmium chloride solution and the 
precipitate were allowed to settle. After 48 hours, the dissolved hydrogen 
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sulphide was estimated using the method of Golterman and Clymo (1978) in 
which the precipitated sulphide is dissolved in a known volume of iodine 
solution and hydrochloric acid and titrated against standard sodium 
thiosulphide solution. 
Free-carbon dioxide and total alkalinity in the water samples were 
estimated in the laboratory following the standard methods of APHA (1998). 
Samples for the estimation of free-carbon dioxide, total alkalinity and 
ammonia-nitrogen were collected in polythene bottles. Free-carbon dioxide 
and Ammonia-nitrogen were estimated immediately after the sample collection 
inorder to minimize the error between the collection and analysis. Samples for 
the estimation of total alkalinity were preserved with 1 ml of chloroform and 
stored in a refrigerator till the time of analysis. Free-carbon dioxide in the 
samples was estimated by adding a few drops of phenolphthalein (indicator) 
and titrated against standard sodium hydroxide solution and values were 
expressed in mg/l. 
Ammonium ions were estimated by adopting the standard procedure 
described by Bolleter et a/. (1961) and the values were expressed as ~g/l. 
Total alkalinity was estimated by using methyl orange as indicator and titrating 
against standard sulphuric acid solution and the values expressed in mg/l. 
Correlation co-efficient was worked out by using SYSTAT, version 7.0 
to study the relationships between the dominant rotifers and the hydrographic 
factors. Species diversity index (Shannon and Weaver, 1963), Index of 
dominance (Simpson, 1949), Species richness index (Menhinick, 1964) and 
Evenness index (Pie Lou, 1966) were calculated using the following 
expressions: 
Index of dominance (C) = L(ni IN) 2 
Where ni = importance value for each species 
N= total of importance value. 
Species richness of variety indices (8) = (S -1) Ilog N 
Where S = number of species 
N = number of individuals 
Shannon - Weaver's index of species diversity (I't) 
(I't) = - L(ni 1 N) x log (ni 1 N) 
Where ni = importance value for each species 
N = total importance of values 
Evenness index (e) = ~ Ilog S 
Where ~ = Shannon- Weaver's index 
S = number of species. 
To facilitate interpretation, the data obtained were analyzed 
seasonwise as follows: February to May (Pre-monsoon), June to September 
(Monsoon) and October to January (Post-monsoon), based on rainfall data 
from the Meteorological Department, Trivandrum. 
RESULTS 
Data on hydrography, roti fer abundance and distribution in the 
Poonthura and Veli-Aakulam estuaries revealed the following relationship 
between the parameters investigated. 
Poonthura: A low-saline Oligotrophic Estuary 
Environmental Conditions: Figure 106a-m showed the monthly 
variations in rainfall and selected hydrographic parameters at two stations in 
Poonthura estuary during 2000-2001. The annual rainfall varied from 2.40 mm 
(January) to 451 .78 mm (October) during the period of study (Fig . 106a). 
The surface water temperature fluctuated from a minimum of 26.00 ·C 
(June and December) to a maximum of 31 .00· C (May) at Station 1 and from 
26.00·C (June) to 31 .20·C (May) at Station 2(Fig. 106b). In the present study, 
maximum temperatures were recorded during the pre-monsoon season and 
minimum during the monsoon season in both stations. Thus , there was a 
lowering of the temperature corresponding to the onset of the south-west 
monsoon; subsequently there was an increase, reaching the highest values in 
the pre-monsoon months. 
The monthly average of sal inity values ranged from 0.93 ppt (June) to 
5.47 ppt (April) at Station 1 and from 0.15 ppt (September) to 0.94 ppt 
(January) at Station 2 during the period of study (Fig . 106c). 
Throughout the study, the pH of the surface water at Station 1 showed 
an oscillation towards the neutral to alkaline side whereas at Station 2, the 
oscillation of pH was towards the acidic to the neo-neutral side. The hydrogen 
ion concentration (pH) was the minimum in September at Station 1 (6.04) and 
at Station 2 (5.10). Maximum pH was observed in May (7.42) at Station 1 and 
in March (7 .01) at Station 2 (Fig . 106d). 
The total alkalinity concentration varied from 7.12 mgtl (September) to 
54.70 mgtl (February) at Station 1 and from 2.94 mgtl (September) to 42.84 
mgtl (March) at Station 2 (Fig. 1 06e). The highest fluctuation in total alkalinity 
was observed during the monsoon season (July - September) and the least 
was during pre-monsoon (Feb - May) period. However, the low values of total 
alkalinity together with low pH and low dissolved oxygen values given in 
Fig106c, d & e revealed that total alkalinity had a direct relation with other 
variables during the period of study. 
The monthly mean values of dissolved oxygen varied from a minimum 
of 1.52 mgtl (September) to a maximum of 5.30 mgtl (May) at Station 1 and 
from 0.93 mgtl (September) to 4.77 mgtl (March) at Station 2· (Fig. 106f). In 
general , the dissolved oxygen values showed a minimum value during the 
monsoon period and comparatively higher values during the pre-monsoon 
period throughout this study. 
The free-carbon dioxide showed a similar distribution pattern during the 
period of study. The concentrations of free-carbon dioxide in the surface water 
at Station 1 varied from 1.27 mgtl (May) to 62.72 mgtl (June) and from 5.13 
mgtl (March) to 72.62 mgtl (September) at Station 2 (Fig. 106g). 
The value for nitrite-nitrogen recorded in June (9.25 ~gtl) was the 
maximum, and in May (0.23 ~gtl) was the minimum at Station 1; and it was 
high in June (1 0.32 ~gll) and low in March (0.67 ~gll) at Station 2 (Fig. 106h). 
The nitrate-nitrogen fluctuated from 0.88 ~gtl (May) to 21 .83 ~gll (June) 
at Station 1 and from 1.28 ~g/l (February) to 25.35 ~gtl (June) at Station 2 
(Fig. 106i). Throughout the period of this study, nitrite and nitrate values were 
higher during the monsoon season than those observed during the post-
monsoon and pre-monsoon periods at both the Stations. 
Phosphate concentration at Stations 1 and 2 fluctuated from 0.24 ~gtl 
(May) to 4.84 ~gll (June) and from 0.23 ~gtl (March) to 7.75 ~gll (June) 
respectively (Fig . 106j). The concentration of silicate varied from 1.98 ~gll 
(May) to 31.28 ~gll (June) at Station1 and from 1.83 ~g/l (April) to 39.84 ~g/l 
(June) at Station 2 (Fig . 106k). The highest concentration of silicate was 
observed during both the monsoon and post-monsoon seasons. 
The concentration hydrogen sulphide was detectable during the 
monsoon period at both the stations with a peak in September at Stations 1 
(1 .50 ~gll) and 2 (2.67 ~gll) (Fig . 1061). It is interesting to note that the highest 
concentration of hydrogen sulphide was observed in surface waters when pH, 
dissolved oxygen and total alkalinity recorded low values . The total ammonia-
nitrogen (NH3-N) also showed a similar pattern of fluctuation like free-carbon 
dioxide and hydrogen sulphide in the present study. The ammonia-nitrogen 
concentrations were varying from 0.03 I1g/l (May) to 3.41 I1g/l (June) at Station 
1 and from 0.22 I1g/l (March) to 7.34 11g/l (September) at Station 2 (Fig . 106m). 
In general , the surface water was clear during the pre-monsoon period 
but turned highly turbid and opaque during the monsoon period with a heavy 
land runoff from Karamana River into the estuary. Comparatively large 
number of green algae, ·especially Scenedesmus sp. was noted in April and 
May. However, no algal bloom was observed at any time during this study. 
Rotifer abundance and species composition 
In Poonthura estuary, the popu lation density was the maximum in April 
(17427/m1 and the minimum in September (731m3) at Station 11. At Station 2, 
the maximum and minimum values for total rotifer population density were 
recorded in March (5387/m3) and in June (13/m\ Also a secondary peak 
period was noticed in February (1 4821/m3 ) at Station 1 and in January 
(1438/m3) at Station 2 (Table 1 & 2). Considering the relationship between the 
total rotifer density and hydrographic parameters, it was found that variables 
such as total alkalinity (p<0.01 ) and dissolved oxygen (p<0.01 ) were 
significantly correlated with rotifer abundance in both the stations. Similarly, 
the total rotifer density showed a significant negative relationship with the 
phosphate and silicate concentrations at both the stations (Table 3 & 4) . 
However, most of the variables showed a significant influence on total rotifer 
density at Station 1 
Data on the abundance and seasonal fluctuations of various rotifers 
belonging to different families are presented in Tables 5 and 6. A total of 36 
rotifers belonging to 14 families were recorded from Poonthura estuary. Of 
these, the family Brachionidae was represented by the highest number of 17 
species, followed by Lecanidae (six species) , Filiniidae (three species) and 
Lepadellidae (two species) . Families such as Epiphanidae, Asplanchnidae, 
lOa 
Testudinellidae, Synchaetidae, Mytil inidae, Trichotriidae, Euchlanidae and 
Hexarthridae were represented by one species each. 
Brachionidae: This family represented by three genera, namely 
Brachionus, Keratella and Platyias. Of these the genus Brachionus formed the 
most dominant component throughout the period of study at both stations. 
The different species of this family were B. angularis , B. calyciflorus, B. 
caudatus, B. dichotomous reductus, B. falcatus, B. kostei, B. patulus, B. 
plicatilis, B. havanaensis trahea , B. quadridentatus, B. murray (B. 
rotundiformis 'S' type) , B. rub ens and B. urceolaris (Genus: Brachionus) , 
Keratella cochlearis, K. tropica (Genus: Keratella) , Platyias leloupi and P. 
quadricomis (Genus: Platyias) . Among the brachionid species B. angularis 
was observed in all the seasons with peak abundance during the pre-
monsoon at Stations 1 and 2. The maximum numerical abundance of this 
species was observed in April at Station 1 and in May at Station 2, whereas 
the occurrence of B. calyciflorus was restricted to the pre-monsoon period and 
after a time lag, it reappeared in January at both the stations with a maximum 
population density in March. B. plicalilis occurred in almost all the seasons, 
recording a maximum abundance in July at Station 1 and in May at Station 2. 
However, the maximum number of B. caudatus, B. falcatus, B. 
quadridentatus, B. urceolaris, B. havanaensis trahea and B. rubens were 
observed only during the pre-monsoon period at both the Stations. The 
rotifers B. dichotomus reductus and B. kostei were new records to India. B. 
kostei was observed only in the month of February at Station 2 while it was 
not observed at the Station 1. B. dichotomus reductus was observed during 
the pre-monsoon with a peak in May (481m3) at Station 1 and in March (521m3) 
at Station 2. The haline rotifer, B. murray was present only at Station 1 while it 
was absent at Station 2 during the period of this study. However, the 
numerical abundance of this species was very low at Station 1. Among the 
Keratella species, K. cochlearis occurred in all the months while K. tropica 
was observed only during the pre-monsoon and post-monsoon seasons at 
Stations 1 and 2. Similarly Platyias quadricomis and P. leloup; (Genus: 
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Platyias) occurred only in August at Station 2 and were not recorded at 
Station 1. 
Lecanidae: The different species represented in this family were 
Monostyla bulla, M. quadridentata , Lecane curvicomis , L. luna , L. ludwigi and 
L. leontina . Of these, M. bulla was observed in March with its maximum 
density of 179/m3 at Station 1 and in August (701m3) at Station 2, whereas M. 
quadridentata recorded its highest numerical abundance in March at Station 2. 
Lecane curvicomis and L. leon tina were observed at both the stations while L. 
luna and L. ludwigi were observed at Station 2. 
Filiniidae: The different species of this family recorded were Filinia 
terminalis, F. longiseta and F. opolensis. Of these, F. terminalis occurred in 
March, April and May with a peak in March (871m3) at Station 2 and this 
species was absent at Station 1. F. longiseta was observed in August and 
October at Station 2 and F. opolensis in April only at Station 2. However, both 
of these species were not observed at Station 1, during the period of study. 
Lepadellidae: Lepadella ovalis and L. patella were the two species 
recorded in the collection under this family but were absent at Station 1. At 
Station 2, L. ovalis was observed in November and December and L. patella 
was recorded in April and December. 
Asplanchnidae: Asplanchna brightwelli was the only species recorded 
from this family. The maximum population density of this taxon was observed 
during the pre-monsoon, especially in May at Station 1 and in April at Station 
2. The abundance of this predatory rotifer showed a relative correlation with 
that of the species belonging to the genera Brachionus and Keratella . 
Other rotifers: Among the other rotifers, Polyarthra vulgaris (Family: 
Synchaetidae) and Hexarthra intermedia (Family: Hexarthridae) occurred in 
abundance. P. vulgaris was observed during the pre-monsoon, monsoon and 
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post-monsoon periods at Stations 1 and 2 with a peak in March (478/m3) at 
Station 1 and in April (194/m3) at Station 2. H. intennedia recorded its 
maximum density during the pre-monsoon period at both stations. The rotifers 
Epiphanes macrourus (Family: Epiphanidae) , Dip/euch/anis propatu/a (Family: 
Euchlanidae) , TestudineJla patina (Family: Testudinellidae) and Trichotria 
tetractis (Family: Trichotriidae) , though present, were not common. T. tetractis 
and D. propatu/a were observed in September while M. ventralis (Mytilinidae) 
in November at Station' 2. T. patina was observed during pre-monsoon at 
Station1 and during the pre-monsoon and post-monsoon seasons at Station 2. 
Results of the correlation analysis between the dominant rotifer species 
and hydrography are given in Tables 3 and 4. Significant positive correlation 
was seen between B. angu/aris and surface water temperature (p<O.01) and 
total alkalinity (p<O.05) and a significant inverse relationship with nitrate 
(p<O.05) and silicate (p<O.01) at both the Stations. However, B. angu/aris 
exhibited significant positive relationship with pH (p<O.01 ), salinity (p<O.05) at 
Station 1 and no significance at Station 2. B. ca/yciflorus exhibited a significant 
positive relationship with water temperature (p<O.05) , pH (p<O.05) and a 
significant negative relationship with silicate (p<O.05) at Station 1. However, at 
Station 2, it exhibited significant positive relationship with dissolved oxygen 
(p<O.01). B. plicatilis did not show any significant relationship with any of the 
hydrographic factors at Station 1, while at Station 2 it exhibited a significant 
positive relationship with water temperature (p<O.01) only. Likewise, K. 
coch/earis did not show any significant relationship with any of the 
hydrographic factors at both stations whereas K. tropica showed significant 
positive relationship with water temperature (p<O.05) , salinity (p<O.01) and 
total alkalinity (p<O.01) , and a significant inverse relationship with phosphate 
(p<O.05) and silicate (p<O.01) at both stations in the present investigation. 
Species Diversity Indices 
Monthly variations in the diversity index of the rotifers at the two Stations are 
given in Tables 5 and 6. 
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Diversity Index (1'1): The diversity index (1'1) values at Station 1 ranged 
from 0.14893 in July to 1.85638 in March, and from 0.43625 in December to 
2.50054 in November at Station 2. When the index was seasonally examined 
it could be seen that the diversity index was the highest during the pre-
monsoon period at both the stations and the lowest during the monsoon 
period. 
Species Dominance (e) : The dominance index (e ) at Station 1 ranged 
from 0.35006 to 1.29034. Dominance index was found at its maximum at 
Station 1 in March due to the high dominance of B. ca/yciflorus (Table 1). At 
Station 2, the values varied from 0.10813 to 0.85399 with a peak in December 
due to the dominance of K. coch/earis (Table 2) . Seasonal observations 
showed that at Station 1 maximum dominance was during the post-monsoon 
period followed by the monsoon period, whereas at Station 2, the maximum 
dominance was noticed during the pre-monsoon followed by monsoon, and 
the minimum during the post-monsoon period. 
Species Richness (0): The species richness index (0) of rotifers at 
Station 1 ranged from 0.27279 to 2.07520 and from 0.96273 to 2.99363 at 
Station2. Seasonal analysis showed that at Stations 1 and 2, the maximum 
species richness was observed during the monsoon followed by the post-
monsoon and the minimum during the pre-monsoon period. 
Evenness Index (e): The Evenness index (e) of rotifers ranged from 
0.13510 to 0.64226 at Station 1. At Station 2, it ranged from 0.16531 to 
0.97185 registering the maximum in September. Seasonal observations 
showed that the evenness index was the maximum during pre-monsoon at 
Station 1 and during post-monsoon at Station 2. 
Veli-Aakulam: A moderately saline Eutrophic Estuary 
Monthly variations in selected hydrographical parameters at three 
stations in Veli-Aakulam estuary are given in Fig. 107a -1. 
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The water temperatures at Stations 1, 2 and 3 varied from 26.00oC 
(June and August) to 30.50°C (May) (Fig. 107a). Surface salinity fluctuated 
from 1.14 ppt (August) to 6.07 ppt (September) at Station 1, from 0.26 ppt 
(August) to 5.06 ppt (September) at Station 2 and from 0.12 ppt (March and 
May) to 1.24 ppt' (January) at Station 3 (Fig. 107b). Maximum salinity values 
were noticed during the post-monsoon at Stations 1, 2 and 3. However, a 
gradual decrease of salinity during monsoon , followed by an increase in post-
monsoon was noticed at Station 2. However, such wide fluctuations as in 
others were not observed at Station 3. 
In all the three stations, considerable variations in pH were observed. It 
was the maximum (8.53) in the month of July at Station 1, in July at Stations 2 
(8.41 ) and 3 (7.53) (Fig. 107c). However, the pH values were higher when 
algal blooms occurred. The total alkalinity concentrations ranged from 59.48 
mgll (August) to 79.32 mgll (July) at Station 1, from 11.83 mgll (August) to 
98.33 mgll (July) at Station 2 and from 37.06 mgll (August) to 74.23 mgll 
(January) at Station 3 (Fig. 107d). The total alkalinity concentrations were high 
at Station II when compared to those of the other stations. 
Dissolved oxygen values recorded a peak in January (6.52 mgll) at 
Station 1, in July (7.32 mgll) at Station 2 and in January (5.72 mg/l) at Station 
3 (Fig. 107e). The dissolved oxygen observed in the month of August was low 
at all the three stations. 
The peak concentration of free-carbon dioxide occurred in August at 
Stations 1 (42.83 mgll) , 2 (54.84 mgll) and 3 (78.72 mgll) (Fig . 1071). The level 
of free-carbon dioxide was high at all the three stations when pH and 
dissolved oxygen were low. 
The concentration of nitrite-nitrogen was minimum in July and 
maximum in August at Station 1 (0.00 1191l and 6.14 1191l) and the same in 
September and August at Station 2 (0.11 11911 and 7.35 1191l) and in July (0.73 
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~gll) and August (8.35 ~g/l) at Station 3 (Fig . 107g). The highest concentration 
of nitrate-nitrogen was observed in August at Stations 1 (17.82 ~gll) and 2 
(20 .83 ~g/l) while it was in May (27.73 ~g/l) at Station 3. The lowest 
concentration of nitrate was observed in the month of September at Stations 1 
(0.44 ~g/l) and 2 (1 .24 ~gll) and in July (1 .68 ~g/l) at Station 3 (Fig. 107h). 
Phosphate concentration varied from 0.14 ~g/l (September) to 11 .78 
~g/l (August) at Station 1, from 0.34 Ilg11 (September) to 11 .58 ~gll (August) at 
Station 2 and varied from 0.56 Ilg/1 (July) to 13.04 ~g/l (May) at Station 3 (Fig . 
107i). Silicate concentration at Stations 1, 2 and 3 fluctuated from 4.94 ~g/l 
(July) to 22.86 ~gll (September), 4.94 Ilg11 (July) to 25.86 ~gll (September) 
and from 5.92 ~g/l (July) to 28.23 ~gll (May) respectively (Fig. 107j). 
Phosphate and silicate values were high during the monsoon and post-
monsoon seasons at Stations 1 and 2, while those observed at Station 3 were 
relatively high throughout the period of study with no remarkable seasonal 
variations. 
The concentrations of hydrogen sulphide and ammonia-nitrogen were 
high in the month of August at Station 1 (1.95 Ilg11 and 5.33 ~g/l) and at 
Station 2 (1 .25 Ilg11 & 8.83 Ilg/l) . The concentration of hydrogen sulphide and 
ammonia-nitrogen at Station-3 were high in May (4.13 ~gll and 15.33 Ilg/l) 
(Fig. 107k &1) . 
Algal blooms: Regular blooms were characteristic feature of the 
Veli-Aakulam estuary. Blue-green algal blooms comprising Microcystis 
aeruginosa were recorded in May at Stations 1 and 2, whereas a mixed algal 
bloom of Arthrospira, Microcystis aeruginosa and Sprulina were noticed in 
July at ali the three stations. A mixed diatom boom dominated by Cyc/otella 
was observed in June and January at Stations 1 and 2, while the diatom 
Chaetoceros dominated the bloom observed in September at Stations 1 and 
2. A bloom comprising Cyc/otella was recorded in January at Station 3. The 
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blue-green algal blooms were generally observed during low saline periods, 
while the diatom blooms showed a direct relation with the increase in salinity 
and the silicate concentrations. 
Rotifer Abundance and Species Composition 
Monthly variations of rotifer abundance and species composition are 
given in Tables 7, 8 and 9. In Veli-Aakulam estuary, the population density 
observed was the highest in March at Stations 1 (52243/m~ and 2 (83677/m~ 
whereas it was in January at Station 3 (19409/m\ The least densities were 
noted in August (431/m3) at Station 1 and in May at Stations 2 (578/m~ and 3 
(251m3) . A secondary peak was noticed in April (41438/m3) at Station 1, in 
February at Station 2 (31363/m3) and in March at Station 3 (13470/m\ The 
results of the correlation analysis did not show a consistent relation between 
the total rotifer density and hydrographic factors at Stations 1 and 2, whereas 
the same showed a significant relationship with dissolved oxygen (p<0.05) 
and nitrate (p<0.05) at Station 3 (Tables 10-12). 
A total of 31 species belonging to 16 genera and 12 families was 
recorded from these sites during the period of study. The family Brachionidae 
dominated the rotifer fauna , contributing 14 species, followed by Lecanidae 
(three species), Lepadellidae (three species), Filiniidae (three species) and 
Mytilinidae (two species) . Families such as Epiphanidae, Asplanchnidae, 
Testudinellidae, Synchaetidae, Hexarthridae, Euchlanidae and Notommatidae 
were represented by only one species each. 
Brachionidae: This family represented by three genera, namely 
Brachionus, Keratella and Platyias. Of these, the genus Brachionus formed 
the dominant component among the rotifers throughout the period of study at 
all the three Stations. The different species of family Brachionidae were 
Brachionus angularis, B. budapestinensis, B. calyciflorus, B. falcatus , B. 
patulus, B. plicatilis, B. quadridentatus, B. murray, B. rotundiformis, B. rubens 
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and B. urceo/aris (Genus - Brachionus) , K. coch/earis, K. tropica (Genus -
Keratella), P/atyias quadricomis and P. /e/oupi (Genus - P/atyias). 
Among the brachionid rotifers B. angu/aris, B. plicati/is, and B. 
ca/yciflorus were the most abundant in all the three stations. B. angu/aris 
occurred in all the seasons with peaks during pre-monsoon at Stations 1, 2 
and 3, while minimum were observed during post-monsoon at Station 1 and 
during monsoon at Stations 2 and 3. The maximum population density of B. 
plicatilis was observed in January, followed by April , at Station 1, in March at 
Station 2 and in January at Station 3. Similarly, species such as B. 
ca/yciflorus, B. budapestinensis, B. fa/catus , B. patulus, B. quadridentatus, B. 
rub ens and B. urceolaris recorded their maximum population density during 
pre-monsoon followed by post-monsoon seasons. However, B. murray 
showed a distinct pattern of abundance during the period of study. The peak 
period of numerical abundance of this species was during monsoon, 
especially in the month of September, followed by post-monsoon, chiefly 
January at Stations 1 and 2, whereas at Station 3 this species were recorded 
in September and January with very low numerical abundance. B. 
rotundiformis was observed only in September at Station 1 and its population 
density was very low (51m3) during the period of study. 
Others, especially the species belonging to the genera Keratella and 
P/atyias showed a rather discontinuous occurrence in the sample collection 
during the period of study. Of these, K. tropica was observed in February, 
April, September, December and January at Station 1; in February, August, 
December and January at Station 2 and in March and April at Station 3. 
However, the other species, K. cochlearis was observed in August at Stations 
1 and 2 eventhough it is a perennial species of Poonthura water. Platyias 
quadricomis was observed in March at Station 1, in October at Station 2 and 
in February, March, April and October at Station 3, whereas P. /e/oupi 
occurred in October at Station 3 only. 
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Lecanidae: The different species represented from this family were 
Monostyla bulla, Lecane curvicornis and L. luna . Of these , M. bulla was 
recorded at all the three stations, whereas L. curvicornis was recorded at 
Stations 2 and 3. L. luna was observed at Station 3 only. All the three species 
were not common during the period of study. The maximum occurrence of M. 
bulla was observed in March at Station 1, in October at Station 2 and in 
February at Station 3. However, the maximum population ·density of L. 
curvicornis and L. luna were observed during pre - monsoon period at Stations 
2 and 3. 
Lepadellidae: In the present study three species of Lepadella namely 
L. crestata, L ovaJis and L. patella were observed under this family. Of these, 
L. crestata and L. patella were recorded at Station 1, and L. crestata alone at 
Station 2, while all the three species were noted at Station 3. All of them were 
not common in the present study. 
Filiniidae: The members of this family were present at all the three 
stations in fairly conspicuous numbers. The different species of th is family 
recorded were Filinia terminalis, F. longiseta var. Jimnetica and F. cornuta. Of 
these, F. terminaJis and F. longiseta were the most abundant. The peak period 
of F. terminaJis was in March at all the three Stations whereas the period of 
abundance of F. longiseta was in June at Station 1, in March at Station 2 and 
in April at Station 3. However, the peak period of F. cornuta was in January in 
all the three stations. 
Mytilinidae: Mytilina crassipes and M. ventralis represented from this 
family and these rotifers were not common in the present ~ It Idy but were 
present only in the samples from Station 3. Of these, M. crassipes appeared 
only once, in the month of March, and the other, .M. ventralis occurred in the 
months of April and September at this station. 
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Other Rotifers : Among the other ratifers, Polyarthra vulgaris , (Family: 
Synchaetidae), Hexarthra intermedia (Fami ly: Hexarthridae) and Asplanchna 
brightwelli (Family: Asplanchnidae) were the most abundant. P. vulgaris had 
a peak population density in March at Stations 1 and 2 and in January at 
Station 3. The peak period of dominance of H. intermedia was in January at 
Station 1 and in October at Station 3, while that of A. brightwelli was in June at 
Station 1, March at Station 2 and January at Station 3. The rotifers such as 
OipJeuchlanis propatula (Family: Euchlanidae), Epiphanes macrourus (Family: 
Epiphanidae). Testudinella patina (Family: Testudinellidae) and Scaridium 
longicaudum (Family: Notommatidae) were present only in sparse numbers. 
O. propatuJa was observed in July and November at Station 3 alone during the 
present study, while T. patina was observed in April and August at Station 1, 
in August at Station 2 and in October at Station 3. The notommatid rotifer, S. 
longicaudum was observed in October at Station 1 and in May at Station 3, 
while E. macrourus was observed in May, October and November at Station 3 
only. 
The results of the correlation analysis between the dominant rotifers 
and hydrography at Stations 1, 2 and 3 are given in Tables 10, 11 and 12 
respectively and these results revealed the following relationships. Among the 
individual ratifer population density, B. anguJaris did not show any significant 
relationship with any of the hydrographic factors at all the three stations 
except nitrate at Station 3. Similarly, B. calyciflorus showed significant 
negative relationship with nitrate (p<0.05) at Station 3. B. plicatilis exhibited 
significant positive relationship with salinity (p<0.01 ) and significant inverse 
relationship with nitrate (p<0.05) at Station 3. The haline rotifer B. murray 
showed significant positive relationship with salinity (p<O.01 ), pH (p<O.05), 
dissolved oxygen (p<0.05) and silicate (p<O.05) at Stations 1 and 2 in the 
present study. 
Species Diversity Indices 
Diversity Index (1'1) : The species diversity index of rotifers at Stations 
1, 2 and 3 are given in Tables 13, 14 and 15 respectively. The diversity index 
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of rotifers at Station 1 ranged from 0.33009 (September) to 1.59684 (March) , 
at Station 2 from 0.53535 (December) to 1.63295 (April) and at Station 3 
varied from 0.16479 (June) to 1.76757 (October) . 
Species Dominance (e): The dominance index of rotifers at Station 1 
varied from 0.24750 (March) to 0.84278 (September), from 0.23777 (April) to 
0.75794 (December) at Station 2 and varied from 0.23522 (May) to 0.97030 
(March) at Station 3. 
Species Richness (Ii): The species richness index (Ii) of rotifers at 
Station 1 varied between 0.59946 (September) and 1.31679 (April); between 
0.71990 (December) and 1.57243 (May) at Station 2; between 0.30010 
(August) and 2.17273 (April) at Station 3. 
Evenness Index (e): The evenness index of rotifer varied from 
0.15780 (November) to 0.61581 (July) at Station 1; from 0.27511 (December) 
to 0.70918 (April) at Station 2; from 0.10239 (June) to 0.85664 (May) at 
Station 3. 
DISCUSSION 
The short life-cycle and rapid reproduction of rotifers allow changes in 
community composition to track environmental shifts on the time scales that 
are not possible from the contemporary community data of longer-living 
organisms such as large zooplankton, fishes etc,. The total abundance of the 
rotifer community is the sum of the population development of the individual 
species, which is influenced by varying biotic and abiotic factors of the 
environment. Thus, the physico-chemical parameters determine the degree of 
pollution caused , and the changes in the trophic Gonditions can be reflected in 
the occurrence, pattern of distribution and diversity of ratifer community in 
their inhabited area (Irena, 1983; Archana, 1998). 
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In the present study the maximum temperature was observed during 
pre-monsoon, and the minimum during monsoon at all stations of Poonthura 
and Veli-Aakulam estuaries. The amplitude of temperature fluctuation was 
very narrow, only within a range of 0.7°C to 5.2°C during the period of study. A 
similar trend in surface water temperature has been reported by Suseela 
(1993) from Poonthura, and Asha (1990) , Rani (1995) and Gopakumar (1998) 
from Veli. In general the temperature showed a positive relation with rotifer 
abundance at both estuaries since the maximum number of species and 
abundance were observed during the pre-monsoon in the present study. A 
similar trend in rotifer occurrence was reported by Suseela (1993) and 
Gopakumar (1998) from the same estuaries. However, temperature could not 
be taken as single limiting factor in determining the fluctuations in the rotifer 
species composition in these estuaries because this parameter itself has no 
direct influence on the community, but temperature influences other ecological 
parameters which in turn affect rotifer abundance and distribution 
(Galkovskaya, 1987). Berzins and Pejler (1989) studied the impact of 
temperature on rotifers and they grouped the rotifers into different categories 
depending on the tolerance capacity of rotifers and temperature variations and 
opined that rotifers namely Keratella hiemalis. Kellicottia sp. and Notholca sp. 
are 'cold stenothermal ', and that other brachionids are warmwater species or 
'eury1hermal '. The same authors also suggested that most rotifers, especially 
the tropical fauna, have a very wide tolerance range of temperature, and the 
difference in temperature dependence exists among the rotifer species. 
Therefore the highest dominance of Brachionus species together with the 
complete absence of the above mentioned rotifers in the present study have 
revealed that warmwater or typical tropical rotifer fauna thrived in these 
estuaries. King and Serra (1998) have studied the influence of abiotic factors 
on the seasonal succession of three haline rotifers namely B. plicatilis, B. 
rotundiformis 'S' type and B. rotundiformis 'ss' type in Spain waters. According 
to their study the major environmental barriers in the co-existence of these 
rotifers , especially between B. plicatilis and B. rotundiformis were temperature 
(B. plicatilis :5 20°C; B. rotundiformis ~ 20°C) and salinity. However, three 
morphologically distinct rotifers, B. plicatilis, B. murray (B. rotundiformis 'S' 
type) and B. rotundiformis co-occurred during the period of this study at Veli-
Aakulam estuary, and this observation has confirmed that temperature is not a 
limiting factor for the co-existence of these rotifers in tropical estuaries. A 
similar observation of B. plicatilis together with B. rotundiformis (= B. plicatilis 
'S' type) was reported by Gopakumar (1998) from the same environment and 
other high saline estuaries of Kerala. 
Among the hydrographical parameters studied , salinity was the most 
fluctuating parameter, with a wide range of variations. A marked gradient of 
decreasing salinity was evident from the barmouth to the upper reaches of the 
Veli-Aakulam and Poonthura estuaries, and this in conformity with the studies 
of Nair et al. (1984), Asha (1990) , Bijoy Nandan (1991) and Suseela (1993) 
who reported a similar spatial distribution of salinity from the different 
estuaries of Kerala. 
The maximum salinity observed in the present study was less than 10 
ppt at both estuaries revealing that these estuaries are moderately saline. 
Therefore the correlation analysis between the rotifer abundance and salinity 
variations showed a positive relation revealing that the rotifer community in 
these estuaries was well adapted to the variations within their tolerable limits. 
Thus the present observation was in agreement with that of Gopakumar 
(1998) who reported that low-saline water bodies harboured a rich rotifer 
fauna than the high-saline water bodies. However, the individual rotifer 
species showed a rather distinct correlation with salinity variations during the 
period of study. Therefore the rotifers observed in the present study can be 
grouped into the following categories depending on their availability and 
salinity fluctuations: i) Oligohaline, the rotifers which are stri ctly freshwater 
inhabitants, but can tolerate a salinity upto 5 ppt; ii) Mesohaline, the rotifers 
which can tolerate a moderate salinity upto 15 ppt, and iii) Euryhaline, the 
rotifers which can tolerate a wide range of salinity, 0.5 ppt to 5 88 ppt (Ruttner-
Kol isko, 1971 ; Dumont and de Ridder, 1987; Miracle et aI. , 1987). Accordingly 
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the rotifers such as Brachionus budapestinensis, B. caudatus, B. dichotomus 
reductus, B. kostei, B. patulus, B. urceolaris, B. quadridentatus, Filinia 
longiseta , F. terminalis, F. opolensis, Lecane curvicomis, L. leontina, L. 
ludwigi and Keratella cochlearis observed within a sal inity range of 0.18 ppt to 
3.06 ppt are true freshwater forms but they could tolerate a low level of 
salinity. Rotifers such as B. angularis, B. calycifJorus, K. tropica , Hexarthra 
intermedia , Polyarthra vulgaris and F. comuta observed at salinity range of 
0.18 ppt to 5.07 ppt could tolerate a moderate level of salinity. Such moderate 
level of salinity tolerance of rotifers namely Hexarthra sp. Polyarthra sp. and 
K. tropica observed by the author is in agreement with that reported by de 
Ridder (1959, 1991) and Gopakumar (1998), while Aranovich and Spektorova 
(1974) opined that B. calycifJorus could tolerate a salinity range of 0.5 ppt to 
10 ppt, Miracle et al. (1987) reported that B. angularis showed a wider 
tolerance range of 0.05 ppt to 24 ppt. However, in the present study B. 
calyciflorus showed a negative relationship with salinity and could not tolerate 
the range above 5 ppt. Similarly, B. angularis also recorded a reduced 
numerical abundance in higher salinity during the period of study. The 
abundance and occurrence of B. angularis throughout the year revealed that it 
could thrive well in oligo-mesohaline habitat but the tolerance range of salinity 
proposed by Miracle et al. (1987) is too wide to suggest their salinity 
sensitivity. The occurrence of K. tropica with a salinity range upto 16 ppt was 
reported by Gopakumar (1 998) who agreed that this species could also inhabit 
the oligo-mesohaline habitat. 
The rotifer B. plicatilis is the most tolerant of the Brachionus species, 
being found in both oligo-haline waters ranging from 0.12 ppt 10 ppt. 
However, Miracle et al. (1 987) have reported this species from a salinity range 
of 0.5 ppt to 88 ppt from the Mediterranean wetlands of Spain. The correlation 
analysis between rotifer abundance and salinity revealed a significant positive 
correlation between them in the present study, and that was in conformity with 
the findings of Gopakumar (1998). 
The numerical abundance of B. murray was high in Veli-Aakulam 
estuary at Station I with a salinity of above 5 ppt, indicating that this species 
preferred a higher saline condition . However, this species had very low 
density or it was totally absent at other stations of Veli-Aakulam and 
Poonthura estuaries where the salinity remained below 1 ppt. These 
observations revealed that B. murray could tolerate a low salinity but preferred 
a high salinity regime as observed by Gopakumar (1998) and Haberman and 
Sudzuki (1998) who reported that B. rotundiformis was more numerous near 
the mouth of estuary where the salinity was higher. However, Carmona et al. 
(1995) had reported this species from Spain in salinity ranging from 5 ppt to 
64 ppt, whereas accordingly to Virro (1993), Virro and Haberman (1993), B. 
rotundiformis was abundant at salinity upto 3.9 ppt. Similarty, Haberman and 
Sudzuki (1998) and King and Serra (1998) have studied the importance of 
salinity and temperature conditions and according to them these two factors 
significantly influenced the occurrence and abundance of this taxon in their 
natural habitats. Results of the correlation analysis revealed that this taxon 
exhibited significant positive relationship with salinity similar to the findings of 
Haberman and Sudzuki (1998) and Gopakumar (1998). 
Another haline rotifer B. rotundiformis was observed in September at 
Veli-Aakulam, Station 1 at salinity of 6 ppt when there was a marked increase 
in the diatoms. This population showed a close similarity to B. rotundiformis in 
morphology with larica length ranging from 125 ~m to 145 ~m. The numerical 
representation of this population was 51m3 and was not observed in any other 
station or season during the period of study. The morphology and ecology of 
this taxon were studied by Serra and Miracle (1987), Hagiwara et a/. (1995) 
and Serra et al. (1998). According to them this rotifer is the original 
Tschugunoffs rotundiformis , which generally showed a close affinity to high 
salinity and temperature. Small-sized rotifers with a mean lorica length ranging 
from 130 ~m to 140 ~m have been reported from Dalavapuram (high saline 
estuary) of B. plicatilis Gopakumar (1998) and this might be B. rotundiformis. 
Thus, the present study shows that salinity plays a crucial role in the 
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occurrence, distribution and dominance of rotifer community In these 
estuaries, if other variables are not limiting , Such a view was expressed by 
Kinne (1963, 1964), Nair et aI, (1 984) , Nair and Abdul Aziz (1987) and 
Gopakumar (1998), According to them, salinity is the most important variable 
affecting the distribution of plankton in estuaries and the backwaters of Kerala, 
The seasonal variation in pH was high during the pre-monsoon and low 
during the monsoon, The high pH during the pre-monsoon was due to higher 
photosynthetic rates. The decrease in pH towards the acidic side or near 
neutral at all the stations during monsoon could be attributed to heavy river 
discharge and land run-off. Asha (1990) and Suseela (1993) were also 
observed a similar pattern of pH from these estuaries and this is in agreement 
with the present study. Regarding the influence of pH on rotifer abundance, 
different workers had expressed different views. Berzins and Pejler (1987) 
considered rotifers as pH insensitive but Arora (1966) on the contrary has 
experimentally proved that most rotifers are sensitive to pH fluctuations (5.5 to 
12.6) . In the present study the recorded range of pH was about 5.1 to 7.42 at 
Poonthura estuary and at Veli-Aakulam estuary it ranged from 5.42 to 8.53, 
The least number of rotifers together with low levels of pH was observed at 
both the estuaries, suggesting that the rotifers are sensitive to low pH, Arora 
(1966) also observed the same phenomenon. The rotifers such as B. 
angularis and B. plicatilis were observed at Veli-Aakulam within a pH range of 
5.42 to 8,53; while B. angularis , B. plicatilis and K. cochlearis at Poonthura 
within a pH range of 5.1 to 7.42 revealing that these rotifers could tolerate a 
wide range of pH fluctuations than other rotifers. Thus the present 
observations are in conformity with those of Koste and Shiel (1983). Shiel and 
Koste (1986), Brett (1989), Leitiio et a/. (1992) and Anuradha Rammohan 
(1996) who had reported B. angularis, K, cochlearis and B. plicatilis from 
waters with low pH. However, the low population density of these rotifers in 
waters of low pH suggests that these rotifers can survive in waters with low pH 
but their population growth is much reduced , However, pH could not be taken 
as a limiting factor in determining the availability and abundance of species 
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encountered during the current study because pH is an expression of other 
important chemical parameters especially salinity, total alkalinity and dissolved 
oxygen. It was more evident in the present study that comparatively low rotifer 
concentration and species diversity were observed in May at Stations I and II 
of Veli-Aakulam estuary eventhough these Stations recorded a high pH of 
8.52 and 8.30. 
The dissolved oxygen of surface waters greatly depends on primary 
production, water movements and wind-surface interaction. Unlike seawater, 
the wind-surface interaction and water currents are low in estuaries and 
freshwater bodies. A high level of dissolved oxygen observed during the pre-
monsoon and the post-monsoon with notable concentrations of phytoplankton 
revealed that phytoplankton was the prime supplier of dissolved oxygen in 
these two estuaries. However, the difference in dissolved oxygen 
concentrations between Veli-Aakulam and Poonthura estuaries was due to the 
difference in the abundance of phytoplankton, hence the rate of 
photosynthesis in these estuaries. Veli-Aakulam estuary was subjected to 
different algal blooms and such distinct blooms were not observed in 
Poonthura, and that might be one of the reasons for the drastic difference in 
dissolved oxygen between these two estuaries. Rani (1995) was also reported 
a high dissolved oxygen concentration with algal blooms from Veli estuary and 
this was in conformity with the present study. 
Depending on the oxygen tolerance, rotifers are grouped into two 
categories, namely anoxic and oxic. Generally rotifers found in bottom waters 
are considered as anoxic, because of their ability to survive in low oxygen 
concentration , while planktonic rotifers are grouped as oxic, since their 
distribution is mainly in the surface layer where the oxygen content is high due 
to optimum primary production. However, such demarcations are not 
applicable to rotifer community in shallow water bodies where the stratification 
of oxygen from surface to bottom waters is nil or negligible . Therefore, the 
existence of anoxic conditions in surface waters is mainly due to aquatic 
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macrophytes decomposition or sewage discharge from the periphery of the 
estuaries. The surface water with low dissolved oxygen levels during the 
monsoon season was reported by Asha (1990) , Rani (1995) and Gopakumar 
(1998) from different brackish water bodies of Kerala, and Anuradha 
Rammohan (1996) had reported low dissolved oxygen levels from 
Kadinamkulam Lake due to organic pollution (coconut husk retting area). 
Considering the relationship between the hydrographic factors and 
zooplankton density, oXygen was significantly correlated with total rotifer 
density in both the estuaries. The present observations are similar to the 
findings of Vasisht and Sharma (1976) , Nayar (1970) and Jyoti and Sehgal 
(1979) that maximum species density was recorded in waters with high levels 
of dissolved oxygen. However, rotifers such as B. angu/aris, B. p/icatiUs and K. 
coch/earis were observed throughout the study period irrespective of 
dissolved oxygen variations which revealed that these species could tolerate a 
wide range of such variations than the other planktonic rotifers. 
Low levels of free-carbon dioxide during the pre-monsoon and 
comparatively high levels during the monsoon were observed in the present 
study. The low levels or complete absence of free-carbon dioxide may be 
attributed to its complete consumption during photosynthesis. A similar trend 
was reported by Saha and Pand it (1986) and Amita and Saksena (1992) from 
freshwater habitats. An inverse relationship of free-carbon dioxide with 
dissolved oxygen and total alkalinity was suggested by Kant and Raina (1970) 
and Jyoti and Sehgal (1979) from different freshwater bodies and a similar 
relationship were observed in the present study. 
The parameters such as free-carbon dioxide, hydrogen sulphide and 
ammonia were negatively correlated with rotifer population density. A low 
population density and low species diversity with high levels of these variables 
were observed in both the estuaries and this may be due to the constant 
exposure of Veli-Aakulam and Poonthura estuaries to sewage fed waters from 
Kannanmoola canal and Parvathy-Puthanar canal respectively during 
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monsoon period. However, the rotifers such as B. angularis , B. plicatilis , M. 
bulla, F. longiseta , P. vulgaris and K. cochlearis were observed in organically 
polluted waters with high levels of hydrogen sulphide, ammonia , free-carbon 
dioxide together with low levels of pH, dissolved oxygen and total alkalinity, 
and the present observations revealed that these rotifers could survive in 
polluted waters but their population growth was reduced at higher levels of 
these variables. A similar observation was made by Edmondson (1 944), Arora 
(1966), Michael (1985) .and Archana (1998) and they stated that the above 
species are good indicators of water with organic pollution. However, B. 
plicatilis showed an increased level of tolerance towards high levels of 
hydrogen sulphide than the other rotifers and the present observation 
substantiated the finding of Anuradha Rammohan (1996) who reported B. 
plicatilis from Kadinamkulam Lake that was constantly exposed to sulphide 
pollution due to retting of coconut husk. 
An increase in phosphate , silicate , nitrite and nitrate concentrations 
was observed during monsoon and this was due to the heavy land run-off, 
river discharge and sewage pollution from the river into the estuary. This 
substantiated the significant negative correlations derived between the rotifer 
population density and nutrients. A Similar observation was reported by Bijoy 
Nandan (1 991 ), Rani (1995) and Gopakumar (1998) from different estuaries of 
Kerala. However, individual species especially B. angularis , B. plicatilis and K. 
cochlearis showed non-significant correlation with nutrients, revealing that 
these rotifers could tolerate higher levels of nutrients than the other rotifers. A 
wide range of tolerance capacity of these rotifers on such variables may be 
one of the reasons for their representation in the samples throughout the 
study period irrespective of seasons. Amita and Saksena (1992) reported that 
high levels of nitrite-nitrate indicate high organic pollution. In !he present study 
also high levels of nitrite and nitrate during monsoon indicated organic 
pollution. Leitao (1992) and Gopakumar (1998) have observed a negative 
relationship between the total rotifer abundance and nutrients from different 
estuarine environments and similar correlations were observed in the present 
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between the algal groups for limited nutrients available in their habitat. 
Furthermore, comparatively high quantity of B. ca/yciflorus was observed 
during the period of Microcystis aeruginosa bloom in the present study a 
phenomenon similar to the same reported by Starkweather and Kellar (1983). 
According to them B. ca/yeiflorus consumes non-colonial forms of Mieroeystis 
aeruginosa but its survival and population growth are negatively affected by 
high concentrations of this alga. 
Distinct diatom blooms were also observed in Veli-Aakulam during the 
period of study. The dominating taxa were Chaetoeeros spp. and Cye/otella 
sp. The Chaetoeeros spp. dominated bloom was observed in September at 
Station 1 and 2, whereas Cyc/otella sp. bloom was observed in January at all 
the three stations. A mixed bloom dominated by Cye/otella sp. was observed 
in June at Station 1. Abundance of rotifers together with the diatom blooms 
showed the positive influence of these algal species on rotifer community in 
Veli-Aakulam estuary. Among the rotifers, B. murray showed its maximum 
population density when the Chaetoeeros bloom was recorded , followed by 
Cye/otella bloom, whereas B. ea/yeiflorus and B. angu/aris showed a reverse 
trend . However, B. plieatilis maintained an almost constant concentration in all 
the three stations irrespective of diatom blooms and salinity. Thus the present 
observation has suggested that diatoms playa crucial role on the density of 
different rotifers espe~ially the haline rotifers B. murray and B. rotundiformis by 
serving as a potential food source. The lower population density of this taxon 
at Poonthura estuary than at Veli-Aakulam estuary may be due to the 
complete absence of a suitable food resource. Though significant positive 
correlation between B. rotundiformis (= B. plieatilis 'S' type, Veli strain) density 
and salinity was reported by Gopakumar (1998), but he has not recorded any 
blooms during his study. Accordingly the present study has confirmed the 
findings of Haberman and Sudzuki (1998) who reported B. rotundiformis from 
Lake Palaeostomi with a salinity range of 2.7 ppt to 6.6 ppt and good number 
of algal species especially eye/otella atomus, Ankistrodesmus sp and 
Seenedesmus sp. Ian et a/. (1998) opined that abundance of K. eoeh/earis is 
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correlated to the abundance of heterotrophic nanoflageliates or detritus. In the 
present study, K. cochlearis was observed throughout with a peak in 
December and January at Poonthura but the low occurrence of this species in 
Veli-Aakulam suggests that the primary limiting factors for the occurrence and 
abundance of this species might be lack of a suitable food resource and 
competition from other organisms. Thus, because of the low productivity in 
Poonthura estuary is generally considered as oligo-trophic and K. cochlearis is 
well adapted with this habitat due to its herbivorous-detritivorous filter feeding 
habits and less competition from other brachionids. The highest numerical 
abundance of this rotifer in December and January with high pH and 
comparatively high dissolved oxygen levels has suggested the dominance of 
heterotrophic nanoflagellates or colourless algae and that may be the reason 
for the dominance of K. cochlearis and the present observation had 
substantiated the findings of Gliwicz (1969) who reported the richness of K. 
cochlearis indicated a oligo-meso-trophic condition. 
, 
The changes in community structure can be explained numerically with 
diversity indices. These indices are useful in assessing water quality based on 
the principle that clean water supports high community diversity and polluted 
water has less diversified biota (Odum, 1971). The maximum value on 
Shannon-diversity index (M) was observed during pre-monsoon at all the 
stations of Veli-Aakulam and Poonthura estuaries in the present study. 
Similarly, the lowest values on diversity index were observed during monsoon 
season in these estuaries. However, diversity index is itself a function of 
species richness. Therefore species richness is a good indication of 
diversification of rotifers in these estuaries. The rotifer composition in Vel i-
Aakulam with 31 species and in Poonthura with 36 species revealed a 
significant correlation between diversity index and species richness in these 
estuaries. However, higher value of diversity index together with greater 
species richness was observed in Poonthura than in Veli-Aakulam estuaries, 
and this showed that, Poonthura estuary harboured more diversified rotifer 
fauna than Vel i-Aakulam estuary. 
The lowest values of diversity index, species richness and evenness 
index were recorded during the monsoon season in both the estuaries. These 
low values can be attributed to the water quality that occurred in these 
estuaries during the monsoon period. In the monsoon season, estuaries of 
Kerala were exposed to a number of changes such as heavy river discharge, 
land ·run-off, mixing of seawater and freshwater and organic pollution and 
have become highly dynamic and sensitive. As a result of these changes an 
entirely different water quality existed in estuaries during the monsoon period . 
Therefore, the low diversity index and species richness was found to inversely 
respond to these changes. A similar trend in species diversity, species 
richness and water quality has been reported by Trivedi (1981) , Leitao et a/. 
(1992) and Archana (1998) from various polluted water bodies. 
The index of dominance (C) signifies the degree to which dominance 
concentrates in one species or group and this dominant group in a community 
may exert a powerful control over the other groups. The index of dominance 
would be always higher when a few groups dominate the community and it 
would be lower when the dominance is shared by a large number of species 
(Whittaker, 1965). The index of dominance is generally related to a low value 
on diversity index, species richness and evenness index. In the present study 
the maximum index of dominance was observed during post-monsoon at 
Station 1 and during the pre-monsoon at Stations 2 and 3 in Veli-Aakulam 
estuary while in Poonthura estuary the maximum values were observed during 
the post-monsoon at Stations 1 and 2. The dominant genera in Veli-Aakulam 
were Brachionus, Filinia, Lepadel/a, Hexarthra and Polyarthra and in 
Poonthura, the dominant genera were Brachionus, Keratel/a, Lecane, 
Platyias, Filinia and Monostyla . Pennak (1957) has pointed out that when 
more genera I species of the same group occur in any water body, one genus 
I species is more abundant than the others. In the present study Brachionus 
occurred as the most abundant genus with 10 species in Veli-Aakulam and 13 
species in Poonthura. Green (1972) , Saksena et al. (1986) , Mishra and 
Saksena (1990) , Govindasamy and Kannan (1991). Srivastava and Singh 
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(1995) and Gopakumar (1998) had earlier reported the abundance of this 
genus from various water bodies. 
Every species is a product of the conditions under which it grows. 
Dominant species surviving in an ecosystem are significant indicators as they 
receive full impact of their habitats for longer period. Therefore zooplankters, 
particularly rotifers, are universally accepted as fairly reliable indicators of 
trophic status of aquatic ecosystem (Arora, 1966; Sampath et al., 1979 ; 
Saksena, 1987; Chandrasekhar, 1998). Among the rotifers , B. falcatus , B. 
forficula, B. quadridentatus and F. opolensis are indicator species for clear 
water or oligo-trophic condition ; those such as B. angularis, B . calyciflorus , K. 
tropica , F. longiseta , F. terminalis and Polyarthra sp. are indicator species of 
eutrophic or organically polluted waters according to Arora (1966) and 
Chandrasekhar (1998). Similarly , B. caudatus personatus, Mytilina sp., 
Lecane leontina, L. ludwigi, Trichotria tetractis and K. cochlearis are indicators 
of meso-eutrophic condition (Kaushik and Saksena, 1995). Therefore, the 
occurrence of L. ludwigi, F. opolensis, B. falcatus, B. quadridentatus, T. 
tetractis , B. caudatus and K. cochlearis in Poonthura estuary indicated the 
oligo-meso-eutrophic nature of water, whereas the highest dominance of B. 
angularis, B. calyciflorus, B. plicatilis , B. budapestinensis, F. longiseta and F. 
terminalis in Veli-Aakulam estuary revealed its meso-eutrophic condition . Thus 
the present study is in conformity with the findings of the workers cited above. 
However, Warren (1971) suggested that the continued persistence of a 
species at a particular location is sure evidence of favorable environment for 
its existence, but its absence is not always indicative of unfavorable 
conditions . This is true in the present study that the rotifers such as K. tropica 
and B. caudatus were poorly represented in the Veli-Aakulam plankton 
samples but these two species were reported by Gopakumar (1998) from the 
same environment throughout his study period. 
• From the forgoing , it is evident that there are differences in community 
structure and seasonal distribution of rotifers at the Veli-Aakulam and 
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Poonthura estuaries and this could be attributed to temporal changes in the 
ecological parameters and trophic status of these two estuaries. It is also clear 
from the present study that the rotifer community shows variations in the total 
number of species and their abundance in different months. Therefore, the 
rotifer succession in an ecosystem can be explained by physical and chemical 
limitations, food availability and other mechanical interference. All these 
parameters act in a combined manner and hence a single factor cannot be 
isolated for interpreting' its relation with the community structure of rotifers. 
Among the studied variables, salinity and potential food resources showed a 
direct correlation on rotifer assemblage in the present study while other 
variables did not show any significant influence. Based on these observations, 
the experimental studies of certain brachionids were carried out in the 
laboratory and the results of these studies are presented in the following 
chapters . 
Fig. 1<J6a-m: Annual variations in rainfall and selected hydrographic parameters at two 
stations in Poonthura estuary during Feb. 2000- Jan. 2001 
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Table 1 Monthly average of rotiters (No/m 3 ) at Poonthura estuary- Station I 
Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
Braehionus angularis 10649 456 13642 7530 34 35 52 9 15 26 100 10 
B. ealyeiflorus 2150 6375 442 3560 - - - - - - - 16 
B. eaudatus 522 60 13 21 - - - - - - - -
B. diehotomus reduetus 4 46 - - - - - - - - - 4 
B. (aleatus 215 125 40 67 - - - - - - - -
B. plieatilis 35 363 1306 269 7 1463 250 4 141 62 361 29 
B. havanaensis trahea 1 1 - 2 - - - - - - - -
B. quadridentatus 3 435 5 67 - - - - - - - -
B. murray - 2 7 3 - - - - - - - 2 
B.rubens - 2 - 4 - - - - - - - -
I~ B. ureeo/aris 532 5 346 179 - - - - - - 37 -Keratella eochlearis 4 4 2 2 239 10 12 52 351 215 162 600 
K .tropiea 209 654 626 144 - - - - - - - 2 
Monostyla bulla 67 15 - 179 4 - - 6 - 5 10 4 
M. quadridentata 2 - - - - - - - - - - -
Leeane eurvieornis 3 10 - - - - - - 3 - - -
Asplanehna brightwelli 307 152 261 327 - - - - 4 - 10 9 
Polyarthra vulgaris 16 476 95 45 - - - - 6 3 12 3 
Hexarthra intermedia 31 566 435 1612 - - 5 - 21 7 - 2 
Testudinella patina 49 65 3 7 - - - - - - - -
Total rotiters 14621 9656 17427 14056 264 1526 319 73 543 340 692 661 
Algal blooms - - -- -- -- -- -- -- -- -- -- --
, 
Table 2a : Monthly average of rotifers (No I m3) at Poonthura estuary- Station II 
Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
Epiphanes macrourus - - - - - - - - 5 12 - -
Brachionus angularis 76 337 15 621 2 15 56 2 5 5 5 27 
B.calyciflorus 19 3733 21 65 - - - - - - 4 28 
B. caudatus 40 21 48 129 - - - - - - - -
B. dichotomus reductus 4 3 18 52 - 6 - - - - - -
B. falcatus - 14 22 111 - - - - - - - -
B. havanaensis trahea 1 1 - - - - - - - - - -
B. kostei 1 - - - - - - - - - - -
B. patulus - - - - - - 7 - - - - -
B. plicatilis 8 55 80 400 4 42 84 2 25 28 8 5 
I~ B. pseudoforficula 2 - - - - - - - - - - -B. quadridentatus 5 20 - 15 - - 12 - - - - -
B. rubens 5 - - - - 30 21 - - - - -
B.urceolaris 83 21 15 8 - 15 7 - - 15 3 -
Keratella cochlearis 12 220 173 194 4 15 13 18 25 13 1269 1281 
K. tropica 33 23 50 30 - - - - 10 25 - 17 
(Continued ... ) 
Table 2b: Monthly average of rotiters (No I m3 ) at Poonthura estuary- Station II (Continuation) 
Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
Platyias quadricornis - - - - - - 7 - - - - -
P. leloupi - - - - - - 7 - - - - -
Monostyla bulla 25 35 12 22 3 30 70 - 15 15 37 -
M. quadridentata 35 . 3 5 - - - - - - - - -
Lecane curvicornis 2 - 5 - - - 35 - - - - -
L. luna - - - - - - - - - - 5 -
L. leontina - 4 - - - - 7 - - 4 - -
L. ludwigi 2 - - - - - - - - 2 - -
Lepadella ovalis - - - - - - 10 - -
I~ L. patella - - - - 3 -Mytilina ventralis - - 5 - - - - - -
Trichotria tetractis - - - - - - - - - 3 - -
Asplanchna brightwelli - - - - - - - 4 - - - -
Polyarthra vulgaris 5 20 20 12 - - 2 - 2 8 15 28 
Dipleuchlanis propatula 5 59 194 8 - 15 14 - 4 3 7 7 
Filinia terminalis - - - - - - - 2 - - - -
F. opolensis - 87 7 8 - - - - - - - -
F .Iongiseta - - 2 - - - - - - - - -
Hexarthra intermedia - - - - - - 7 - 5 - - -
Testudinella patina 25 653 129 75 - 5 3 - - 3 5 45 
2 46 
- - - -
14 5 2 - 3 -
Total rotiters 353 5387 816 1750 13 173 366 33 98 149 1369 1438 
Algal blooms - - - - - - - - - - - -
Table 3: Correlation coefficient of dominant and total rotifers with selected 
physico-chemical parameters of water at Poonthura estuary- Station I 
Hydrographic Brachionus Brachionus Brachionus Keratella Keratella Total 
Parameters angularis ca/yciflorus plicati/is cochlearis tropica rotifers 
Water temp. (DC) 0.6S1" 0.509 0.220 -0.202 0.503· O. 7S 1·· 
Salinity (ppt) O.72S·· 0.303 0.299 -0.073 0.669·· 0.72S·· 
pH 0.628·· 0.526· -0.013 0.180 0.490 0.735·· 
T. alkalinity{mg/l) 0.497 0.458 -0.040 0.110 0.499 0.599· 
D. oxygen{mg/I) 0.522· 0.438 0.027 -0.041 0.438 0.611·· 
Free CO2 (mg/l) -0.466 .. -0.411 0.145 0.007 -0.401 -0.551· 
NitriteilJg/1 -0.517· -0.555· -0.160 0.163 -0.494 -0.657"· 
Nitrate(uWl -0.602" -0.421 -0.051 0.029 -0.228 -0.628·· 
Phosphate Ug/l) -0.593· -0.566· -0.091 0.337 -0.436 -0.663·· 
Silicate(ug/I 0.596· -0.299 -0.228 -0.142 -0.596· -0.719·· 
Ammonia{lJg/l) -0.257 -0.255 -0.209 0.046 -0.228 0.077 
H,S(Ug/l) -0.316 -0.299 -0.210 -0.014 -0.311 -0.405 
All the statistically significant values are marked with . : • p<0.05; •• p<0.01 
Table 4: Correlation coefficient of dominant and total rotifers with selected 
physico-chemical parameters of water at Poonthura estuary- Station 2 
Hydrographic Brachionus Brachionus Brachionus Keratella Keratella Total 
Parameters angu/aris ca/ycifforus plicatilis coch/earis tropica rotifers 
Water temp. 0.672 0.184 0.650·· -0.219 0.724·· 0.391 
(DC) 
Salinity (ppt) 0.363 0.099 0.406 0.239 0.627"· 0.363 
pH 0.354 0.258 0.335 0.079 0.225 0.365 
T. 0.770·· 0.443 0.437 0.368 0.489 0.675·· 
alkalinity(mq/l) 
D. oxygen(mg/l) -0.43S 0.684·· 0.577" -0.212 0.361 0.732·· 
Free CO2 (mg/lt -0.437 -0.276 -0.328 -0.054 -0.801· -0.401 
Nitrite(ug/l) -0.458 -0.365 -0.373 -0.029 -0.558· -0.485 
Nitrate{lJg/l) -0.190 -0.373 0.044 0.288 -0.751·· -0.359 
Phosphate(ug/l) -0.560· -0.449 -0.430 -0.395 -0 .590· -0.576· 
Silicate{ug/I) 0.355 -0.361 0.286 -0.063 -0.796·· -0.515· 
Ammonia(ug/l) -0.353 -0.309 -0.272 -0.299 0.024 -0.440 
H2S(Ug/l) -0.356 -0.308 -0.286 -0.401 -0.466 -O.45S 
All the statistically significant values are marked with· : • p<0.05; •• p<0.01 
Table 5: Monthly and seasonal species diversity of indices rotifers at 
Poonthura estuary - Station I 
Months/season Shannon Dominance Species Evenness index 
index index richness 
February 0.73338 0.70072 2.07520 0.23726 
March 1.85638 1.29034 1.96825 0.64226 
April 1.02624 0.60077 1.53329 0.37014 
May 1.15596 0.45820 1.40722 0.42686 
Jun 0.55060 0.72334 0.53107 0.39718 
Julv 0.14893 0.94253 0.27279 0.13510 
August 0.47652 0.79035 0.53174 0.34374 
September ·1.17061 0.77488 0.89767 0.32025 
October 1.08774 0.53704 1.32752 0.52309 
November 0.75839 0.68494 1.14009 0.36471 
December 1.31679 0.35005 1.07017 0.63324 
January 0.70495 0.72152 1.15563 0.29399 
Pre-monsoon 1.28295 0.2931 1 0.26922 0.92545 
Monsoon 0.91091 0.52477 0.39017 0.67080 
Post-monsoon 0.96697 0.66922 0.33840 0.48791 
Table 6: Monthly and seasonal species diversity indices of rotifers at 
Poonthura estuary - Station 2 
Months I seasons Shannon Dominance Species Evenness index 
index index richness 
February 2.43360 0.17551 2.95683 0.84188 
March 1.24332 0.70473 2.13742 0.42226 
April 2.09282 0.16734 2.03382 0.79302 
Mav 1.95133 0.20465 1.87482 0.72057 
Jun 1.82204 0.18049 1.51122 0.93634 
July 2.13561 0.13439 1.71872 0.92749 
August 2.39524 0.14589 2.73267 0.84559 
September 1.56413 0.21778 1.47708 0.971 85 
October 1.96201 0.17430 1.96294 0.84559 
November 2.50054 0.10813 2.99363 0.90188 
December 0.43625 0.85399 1.79919 0.16531 
January 0.53753 0.79583 0.96273 0.25484 
Pre-monsoon 0.97743 0.465462 0.33775 0.70507 
Monsoon 0.92909 0.46303 0.47084 0.67022 
Post-monsoon 0.97243 0.42589 0.37378 0.71 046 
Fig. 107a-1: Annual variations in selected hydrographical parameters at three stations 
in Vel~Aakulam estuary during Feb. 2000-Jan. 2001 
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Table.7: Monthly average of rotifers (No / m3 ) at Veli-Aakulam estuary- Station I 
Species Feb Mar April May Jun Jul Aug Sep Oct Nov Dec Jan 
Brachionus angularis 8054 20818 10448 9 25719 244 381 53 3099 2722 3843 14627 
B. budapeslinensis 
-
6532 829 - - - - - - - - -
B.calyciflorus 5844 5042 9763 582 245 260 15 2 6420 24 - 170 
B. fa/catus - 149 19 - - - - - - 4 - -
B. patulus - - - - - - - - 8 - - -
B. plicatilis 3157 8971 14465 50 2902 828 18 1683 299 5 67 17430 
B. quadridentatus - 10 19 - - - - - - - - -
B. murray 124 12 8 - 163 25 - 20335 38 - 1851 3668 
B. rotundiformis 
- - - - -
- - 5 - - - -
B.rubens 34 - - 3 14 - - - - - - -
Ig B. urceolaris 102 348 39 14 20 - - - 261 - - -Keratella eoehlearis - - - - - - 4 - - - - -
K. tropica 28 - 77 - - - - 18 - - 28 4 
Platyias quadrieornis - 7 - - - - - - - - - -
Monostyla bulla 
- 108 - - - 3 2 - 11 - - -
Lepadella erostata - - - - - - - - 3 5 - -
L. patella - - - - - - - - - - - -
Asplanehna brightwel/i 34 278 348 - 358 3 - - 75 18 278 
Polyarthra vulgaris 141 179 38 - 29 163 2 - - 15 7 5 
Hexarthra intermedia 37 - 78 4 15 4 - 130 15 45 76 1567 
Testudinella patina - - 13 - - - 6 - - - - -
Filinia longiseta - 131 21 - 2097 38 - - - - - -
F. terminalis 
-
9658 5273 2 2056 5 - - - - - -
F. cornuta 2 
- - -
4 18 - - - - 30 87 
Scaridium longieaudum - - - - - - - 3 - - -
Total rotiters 17557 52243 41438 664 33624 1608 431 22226 10157 2695 5922 37836 
Algal bloom - - - Blue Diatom Mixe - Diatom - - - Diatom 
gree d 
n 
Table.8: Monthly average of rotifers (NO/m 3 ) at Veli - Aakulam estuary - Station II 
Species Feb Mar April May Jun Jul Aug Sep Oct Nov Dec Jan 
Brachionus angularis 8054 54903 1829 20 9645 120 715 249 670 5043 3605 14339 
B. budapestinensis - 3266 95 - - - - - - - - -
B.calyciflorus 11687 5042 1717 396 245 430 100 29 2734 1661 - 444 
B. falcatus - - - - - - - - 1 16 - -
I~ 
B. patulus - - 125 - - - 2 5 - - - -
B. plicatilis 8593 4486 1418 11 2176 796 380 2238 821 177 373 8141 
B. quadridentatus - - - 3 - - - - 3 - - 26 
B. murray 12 5 - - 75 - - 2568 - - 96 514 
B.rllbens 12 5 - - 4 - - - 6 - - -
B.llrceoloris 32 - - 10 2 323 - - 30 - - -
Keratella cochlearis - - - - - - - 12 - - - -
K .tropica 329 - - - - - 15 - - - 4 15 
Platyias quadricornis - - - - - - - - 7 - - -
L. crestata - - - 5 - - 4 - 28 4 - -
Monostyla bulla - - - - 5 2 6 - 49 - - -
Lecane curvicornis - - 23 - - - - - 1 12 - -
Polyarthra vulgaris 403 900 63 18 60 12 3 71 - 3 - 487 
Asplanchna brighlwelli 141 378 189 4 143 5 - - 40 21 18 324 
Testudinella patina - - - - - - 4 - - - - -
Hexarthra intermedia 11 - - 14 24 89 3 161 537 - 17 387 
Filinia longiseta 2085 3312 212 87 32 30 - - - 734 - -
F. terminalis - 11380 3226 10 3099 22 - - 6 - - -
F .comuta 4 - - - 44 - - 14 - - 52 252 
Total rotifers 31363 83677 8897 578 15554 1829 1232 5347 4933 7671 4165 24929 
Algal bloom - - - blue- Diatom Mixe - Diato - - - Diatom green d m 
Table 9a: Monthly average of rotifers (No I m3 ) at Veli-Aakulam estuary - Station III 
Species Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
Epiphanes macrourus - - - 3 - - - - 5 26 - -
Brachionus angularis 6105 6476 67 10 522 21 25 15 100 241 161 2 13530 
B. budapestinensis - 423 - - - - - - - - - -
B.calyciflorus 270 599 23 - - 152 - 22 5 5 170 372 
B. falcatus - 6 5 - - - - 8 - - - -
B. patulus - 266 20 3 - - - - 10 - - -
I~ B .plicatilis 497 3 2 2 10 621 3 119 27 24 20 4214 
B. quadridentatus - 297 5 - - - - - - - - -
B. murray - - - - - - - 4 - - - 3 
B.rubens 373 - - - - - - - - - - -
B.urceolaris - - - - - - - - 4 4 14 -
Keratella cochlearis - - - - 3 - - - - - - -
K. tropica - 17 5 - - - - - - - - -
Platyias quadricornis 15 113 5 - - - - - 5 - - -
P le/oupi - - - - - - - - 7 - - -
(Continued .... ) 
Table 9b: Monthly average of rotifers (No I m3) at Veli-Aakulam estuary - Station III (Continuation) 
Species Feb Mar Apri l May Jun Jul Aug Sep Oct Nov Dec Jan 
Dipleuchlanis propatuia - - - - - 7 - - - 1 - -
My/ilins Crassipes - 6 - - - - - - - - - -
M. ventralis - - 5 - - - - 2 - - - -
Lepadella ovalis - 6 - - - - - - - - - -
L. crestata - - - - - - - - 7 5 20 -
Monostyla bulla 30 19 15 1 - - - - 5 6 - -
Lecane curvicornis - 6 23 - - - - - 5 - - -
L. luna - 10 - - - - - - - - -
Polyarlhra vulgaris - 47 40 1 - 175 2 - 4 2 3 205 
Asplanchna brighlwelli 12 34 - - - - - 3 10 - - 172 
I~ Testudinella palina - - - - - - - - - - - -Filinis longiseta 10 236 333 4 1 321 - - 10 - - -
F. terminalis - 4903 443 - - 2 - 101 - 5 26 783 
F. cornuta - - - - 2 - - 3 - 4 - 130 
Hexarlhra intermedia 4 3 4 - - - - - - - - -
Scaridium longicaudum - - - 1 - - - - - - - -
.. 
Total rotifers 7260 13470 995 25 535 1299 28 277 204 310 1865 19409 
Algal bloom - - - - - Mixe - - - - - Diatom 
d 
Table 10: Correlation coefficient of dominant and total rotifers with selected 
h ' h . pnyslco-c emlcal parameters of water at Veli-Aakulam estuary- Station I 
Hydrographic B. angularis B. calyciflorus B. plicatilis B. IOlundiformis Total 
Parameters rotiters 
Water temp. (UC) -0.413 0.311 0.072 0.054 0.206 
Salinity (ppt) -0.141 -0.336 0.256 0.765"" 0.122 
pH -0.069 -0.169 0.156 0.423 0.019 
T. alkalinity{mgll) 0.211 0.065 0.447 0.226 0.236 
D. oxygen{mgll) 0.119 -0.006 0.359 0.417 -0.026 
Free CO2 (mg/I) -0.166 -0.156 -0.269 -0.211 -0.245 
N itrite( UClIl -0.126 -0.256 -0.267 -0.265 -0.156 
Nitrate{UClII) -0.096 -0.104 -0.276 -0.511" 0.079 
Phosphate (Ug/I) -0.179 -0.142 -0.257 -0.305 -0.157 
Silicate{ ~gll) -0.257 -0.143 0.069 0.559" -0.215 
Ammonia(~gll) -0.236 -0.232 -0.236 -0.143 -0.329 
H2S(uClII) -0.257 -0.324 -0.346 -0.162 -0.256 
(All statistically significant values are marked with ": If "p<0.05; If"" p<0.01) 
Table 11 : Correlation coefficient of dominant and total rotifers with selected 
physico-chemical parameters of water at Veli-Aakulam estuary- Station II 
Hydrographic Total 
Parameters B. angularis B. calyciflorus B. p/icati/is B. IOlundiformis rotifers 
Water temp. (eC) 0.116 0.315 0.322 0.054 0.206 
Salinity (ppt) 0.061 -0.096 0.529" 0.765"" 0.121 
pH -0.033 0.015 0.303 0.423 0.019 
T. alkalinity(mgll) 0.216 0.094 0.221 0.226 0.239 
D. oxygen(mgll) -0.039 -0.111 -0.319 0.417 -0.026 
Free CO2 (mg/l) -0.206 -0.113 -0.263 -0.211 -0.245 
Nitrite(~g/l) -0.134 -0.001 -0.196 -0.265 -0.156 
Nitrate(UClII) 0.029 0.163 -0.273 -0.511" 0.079 
Phosphate(ug/l) -0.136 -0.039 0.075 -0.305 -0.157 
Silicate(~g/l ) -0.203 -0.274 -0.310 0.559 -0.215 
Ammonia (uCJII) -0.216 -0.155 -0.301 -0.172 -0.256 
H2S(~g/I) -0.216 -0.310 -0.311 -0.162 -0.264 
(All the statistically significant values are marked With ": p<0.05; "" p<0.01 ) 
Table 12: Corre lation coefficient of dominant and total rotifers with selected 
h ' h . I t f t tV r A kit St fill PIlYSICO-C emlca parame e rs 0 wa er a e 1- a u am es uary- a Ion 
Hydrographic Parameters B. angularis B. calydfforus B. plicatilis Total rotiters 
Water temp. (eC) 0.224 0.341 0.115 0.239 
Salinity (ppt) 0.405 0.186 0.659" 0.455 
pH 0.349 0.413 0.326 0.379 
T. alkalinity(mg/l) 0.310 0.322 0.352 0.556" 
D. oxygen{mg/l) 0.397 0.429 0.496 0.457 
Free CO2 (mgn) -0.392 -0.477 -0.332 -0.417 
Nitrite{~g/l) -0.545" -0.600" -0.456 -0.575" 
Nitrate(\JglI) -0.444 -0.433 -0.513" -0.495 
Phosphate(~glll -0.262 -0.296 -0.305 -0 .309 
Ammon ia(\Jgll) -0.273 -0.337 -0.221 -0.424 
Silicate{llg/lt -0.043 -0.207 -0.114 -0.093 
H2S(\Jg/l) -0 .366 -0.523" -0.337 -0.424 
.. 
". " 
.' .. (All statistically Significant values are marked With . If p<0.05, If p<0.01 ) 
Table 13: Monthly and seasonal species diversity indices of rotifers at Veli-
Aakulam estuary -Station I 
Months I seasons Shannon index Dominance Species Evenness 
index richness index 
February 1.18433 0.35373 1.02322 0.49389 
March 1.59684 0.24750 1.19665 0.60508 
~I'.ril 1.48775 0.25761 1.31679 0.54934 
May 0.52266 0.77463 0.92332 0.26858 
Jun 0.88888 0.60035 1.05536 0.35768 
July 1.41794 0.32821 1.21906 0.61581 
August 0.47922 0.80688 0.99139 0.24627 
September 0.33009 0.84278 0.59946 0.16963 
October 0.90081 0.49387 1.08387 0.37567 
November 0.34672 0.87419 1.00289 0.15780 
December 0.82963 0.51865 0.80581 0.39895 
January 1.15914 0.37280 0.75893 0.52751 
Pre-monsoon 1.04495 0.38224 0.25913 0.75376 
Monsoon 0.81875 0.48570 0.27357 0.59057 
Post-monsoon 0.96655 0.48873 0.27403 0.69715 
Table 14: Monthly and seasonal species diversity indices of rotifers at Veli-
Aakulam estuary -Station II 
Months I seasons Shannon Dominance Species Evenness 
index index richness index 
February 1.39694 0.28459 1.06246 0.56217 
March 1.20268 0.45873 0.79402 0.52232 
April 1.63295 0.23777 0.98721 0.70918 
May 1.17726 0.49591 1.57243 0.49095 
Jun 1.93750 0.44418 1.24326 0.42642 
July 1.51161 0.28301 1.19816 0.65648 
August 1.03896 0.43875 1.26469 0.45121 
September 1.08652 0.40914 0.93194 0.49453 
October 1.31693 0.36540 1.52875 0.49901 
November 0.96470 0.48882 0.89433 0.43905 
December 0.53535 0.75794 0.71990 0.27511 
January 1.09141 0.43913 0.88899 0.47399 
Pre-monsoon 0.82788 0.5201 9 0.25571 0.59719 
Monsoon 0.96418 0.47961 0.29649 0.69554 
Post-monsoon 1.10163 0.41524 0.28200 0.79466 
Table 15: Monthly and seasonal species diversity indices of rotifers at Veli-
Aakulam estuary - Station III 
Months/seasons Shannon Dominance Species Evenness 
index index richness index 
February 0.66944 0.70437 1.01144 0.29072 
March 1.34811 0.97030 1.99484 0.45785 
April 1 .. 54712 0.31762 2.17273 0.55801 
May 1.66694 0.23524 1.86401 0.85664 
Jun 0.16479 0.94179 0.63615 0.10239 
July 1.32416 0.32174 0.83689 0.68048 
August 0.34057 0.80867 0.30010 0.49124 
September 1.38713 0.32808 1.42247 0.63134 
October 1.76757 0.29567 2.08609 0.71132 
November 0.97722 0.61674 1.74418 0.40752 
December 0.63311 0.73543 0.92778 0.29494 
January 0.91328 0.53532 0.70897 0.43919 
Pre-monsoon 0.88658 0.44581 0.30867 0.63953 
Monsoon 0.97155 0.44775 0.39116 0.70082 
Post-monsoon 0.41813 0.80018 0.300305 0.30162 
• 
EVALUATION OF THE EFFECT OF 
TEMPERATURE, SALINITY, FEED 
TYPE AND FEED CONCENTRATION 
ON THE REPRODUCTIVE POTENTIAL 
OF SELECTED ROTIFERS 
INTRODUCTION 
Biotic potential or reproductive potential is the inherent property of an 
organism to reproduce to survive, i.e., to increase in numbers. When the 
environment is unlimited, the specific growth rate of a population becomes 
constant and maximum for the existing conditions. The growth rate under 
favourable conditions is the maximum and is characteristic of a particular 
population structure. Mathematically, it is defined as the slope of the 
population growth curve during the logarithmic phase of growth and is 
symbolized by 'r' in the growth curve equation. Therefore, the population 
dynamics of a species in the natural habitat is generally determined by the 
reproductive rate of the species and the environmental resistance such as 
climate, density, predation, decrease in natality rates, mortality rates , scarcity 
of food supply etc. Moreover, 'r' summarizes all life table parameters, because 
it combines survival , fecundity and the tim ing of development and 
reproduction. The 'r' value of a population is estimated as the difference 
between the instantaneous birth and death rates . The difference between the 
actual reproductive rate and the reproductive potential reflects the 
environmental resistance. The chief environmental resistances are 
temperature, salinity and scarcity of food. This concept can be applied to 
experimental studies on population increase by varying the probable 
parameters or combination of parameters that have a bearing on a rate of 
increase of population. 
Like other zooplankters, rotifers in strongly fluctuating planktonic 
environments have to adapt to regular colonizing events and may frequently 
be subjected to selection for high 'r'. Generally rotifers showed high 'r' values 
than that of other zooplankters due to its small size and parthenogenetic 
mode of reproduction . 
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The major factors that influence the population size in rotiter are 
temperature, salinity and food. Among these environmental factors , 
temperature plays a vital role in the reproduction of rotifers. However, only 
very few species have been studied to determine the relationship between 'r' 
and temperature under controlled conditions. Brachionus plicatilis and B. 
calyciflorus are the most studied . Different clones of these species have 
different maxima of 'r' at different temperatures (Miracle and Serra, 1989; 
Ignacio and Martinez, 1998). The effect of temperature on reproductive 
potential or 'r' of B. plicatilis was studied by a number of workers such as 
Hirayama and Ogawa (1972) , James et al. (1983) , Nagata (1985) and Snell 
(1986) and they concluded that temperature has a significant influence on the 
reproduction of this species. The highest 'r' value of 1.35 was recorded at the 
temperature of 35°C (Pascual and Yufera, 1983) followed by 1.10 at 30°C . 
(Snell, 1986) and the lowest reported 'r' value of 0.12 was noted at 10°C 
(Hirayama and Kusano, 1972). The highest and the lowest 'r' values of 0.77 
and 0.54 were recorded at 30°C and 25°C respectively for the rotifer B. 
rotundiformis (Hagiwara et al., 1995). The highest 'r' value of 2.19 for B. 
rotundiformis 'ss' type was recorded at 30°C and the lowest value of OAO at 
19°C (Su et al., 1994, 1997). 
Galkovskaya (1983, 1987), Halbach (1973) and Starkweather (1987) 
investigated the influence of temperature on the reproductive potential of B. 
calyciflorus. According to them, the highest 'r' value of 2.95 was recorded at 
the temperature of 37°C (Galkovskaya, 1987) followed by 2.18 at 30°C 
(Galkovskaya, 1983) and the lowest 'r' value of 0.20 was recorded at 10°C 
(Starkweather, 1987). Similarly, the relationship between the temperature and 
the reproductive potential of B. dimidiatus, B. angularis, Keratella cochlearis 
and Euchlanis dialata was studied by King (1972, 1977), Pourriot and Rougier 
(1975) and Walz (1983, 1987) respectively demonstrating the significant 
influence of temperature on reproductive rate of rotifers. The highest 'r' for B. 
dimidiatus 1.22 was recorded at the temperature of 30°C and the lowest 'r' of 
0.38 was at 20°C (Pourriot and Rougier, 1975). B. angularis had its highest 
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and the lowest 'r' values of 0.3S2 and -O.OOS at the temperatures of 20°C and 
SoC respectively (Walz, 1987). The maximum and minimum 'r' for E. dia/ata 
were 2.13 and 0.61 , and these were noted at 27°C and 19°C respectively 
(King, 1972). 
Like temperature, salinity also plays a vital role in the reproductive 
potential of an individual rotifer. Total dissolved salts and relative specific ionic 
concentrations are important factors conditioning rotifers in the nature (Miracle 
et a/., 1987; Mustahal et al., 1991 ). The influence of salinity is directly related 
to the osmotic regulation capacity of an individual, which in turn is strongly 
dependent upon the genotype and the species. Osmotic regulation in rotifers 
has seldom been investigated. However, the studies of Kabay and Gilbert 
(1978), and Bayly (1972) had concluded that a number of essentially 
freshwater forms could also be salt tolerant to a certain extent. Nevertheless, 
studies on salinity effects on rotifer individuals or populations are extremely 
scarce (Miracle and Serra, 1989). However, a few species of rotifers 
especially the genus Brachionus have been studied to determine the 
relationship between the salinity and 'r' under laboratory controlled conditions. 
Of these, majority of the experimental studies are restricted to the halobiont 
rotifers such as B. dimidiatus, B. plicatilis and B. rotundiformis (Ito, 1960; 
Hirayama and Ogawa, 1972; Pourriot and Rougier, 1975; Ito et a/. , 1981 ; 
Snell , 1986; Pascual and Yufera, 1983; Lubzens et a/., 1985; Gilbert, 1991 ; 
Su et a/., 1994; Hagiwara et a/., 1995; Gopakumar et a/., 1998; Assavaaree et 
a/., 2003). 
Pascual and Yufera (1983), Lubzens et a/. (198S) and Roa (1992) have 
found that the reproductive potential of B. plicatilis was highest at the salinity 
of 10 ppt to 20 ppt and above or below this salinity the 'r' value had deviated 
from its mean value. According to Ito (1960) and Lubzens (1987), the best 
salinity for the maximum 'r' value for B. plicatilis was at 19 ppt and 17 ppt 
respectively. However, according to Snell (1986) the optimum salinity for the 
highest 'r' value for B. plicatilis was noted at 30 ppt. All these studies had 
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revealed that different clones of B. plicatilis have different rmax values at 
different salinities. But data on 'r' for most B. plicatilis clones can be 
interpreted as an optimum curve with a maximum or a plateau located at 
moderate salinities between 10 ppt and 20 ppt (Miracle and Serra, 1989). 
Pourriot and Rougier (1975) studied the relationship between the 'r' 
and salinity in B. dimidiatus . According to them, the highest reproductive 
output of this rotifer wa's noted at the salinities of 2 ppt (r = 0.429) and 19 ppt 
(r = 0.424). 
Hagiwara et al. (1995) examined the influence of salinity and 
temperature on the reproductive potential of B. plica tilis , B. rotundiformis 'S' 
type and B. rotundiformis 'ss ' type. According to him, the best salinity for the 
maximum reproductive rate of B. plicatilis, B. rotundiformis 'S' and 'ss' type 
were at 11 ppt (r = 0.49) , 11 ppt (r = 1.37) and 11 and 22 ppt (r = 1.57 and 
1.37) respectively. 
Su et al. (1994) studied the relationship of the rmax of B. rotundiformis 
'ss' type with five salinity levels, ranging from 5 ppt to 30 ppt. According to 
them, the optimum culture conditions for 'ss' type were at a salinity of 10 ppt 
to 20 ppt and at temperature of 30°C to 33°C. 
The rotifer is a filter feeder and can be fed on a variety of feed types , 
including algae, yeast, bacteria , or inert foods such as microcapsules and 
detritus. Therefore, a number of workers studied the influence of feed type 
and feed density on the reproduction and growth in various brachionid rotifers 
(Erman, 1962; Hirayama and Ogawa, 1972; Hirayama and Watanabe, 1973; 
Hirayama et al., 1973; Hirayama and Nakamura, 1976; Gatesoupe and 
Luquet, 1981; Joost and Schluter, 1981 ; Fukusho 'et al. , 1985; Rezeq and 
James, 1985; , 1987; James and Rezeq, 1988; Rao and Sarma, 1988; 
Rafiuddin and Neelakantan, 1990; Guisande and Mazuelos, 1991; Rostock, 
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1995; Maruyama et aI. , 1997; Jiakin and Xiangfei, 1998; Nandini and Rao, 
1998; Navarro and Yufera , 1998; Rumengan et al., 1998; King et al. , 2002) 
The feed type, feed concentration and particle size plays vital role in 
influencing the reproductive rates and other life-history parameters of rotifers 
(Pilarska, 1977; Rothhaupt, 1985, 1990a, b; Rafiuddin and Neelakantan, 
1990; James and Rezeq , 1988; Guisande and Mazuelos , 1991; Martinez and 
Dodson, 1992; Rostock', 1995; Jiakin and Xiangfei , 1998). Many investigations 
on the effect of food quality, quantity and temperature have been conducted 
on B. plicatilis, because this species is widely used as a food for various larval 
fish (Lubzens, 1987). Some earlier investigations suggest that the type of 
algal feed has little effect on the reproductive rate of rotifers (Ito, 1960; 
Theilacker and McMaster, 1971 ; Scott and Baynes, 1978). On the other hand, 
Hirayama et al. (1979) and Snell (1986) observed that different algal foods 
could yield substantially different reproductive rates. Korstad et al. (1989) had 
examined the effect of diet on the lifespan, fecundity and reproductive 
potential of B. plicatilis 'S' type (= B. rotundiformis) and his study revealed that 
the reproductive rate of this rotifer was highly influenced by feed concentration 
and feed type. According to Hino and Hirano (1980) and Rothhaupt (1990a) 
particle size of the feed had been a significant influence on the ingestion by 
rotifers that in turn is directly related to the reproduction and growth of the 
individual. The particle size preference varies with the rotifer species 
(Rothhaupt, 1990b; Rostock, 1995; Sarma et al., 1996; Jiakin and Xiangfei, 
1998). 
On review of literature, it is found that the investigations on the 
biological aspects of rotifers in India are fragmentary and incomplete. Sarma 
(1985, 1987) and Sarma and Rao (1990) studied the population dynamics and 
the influence of environmental factors on the reproduction of B. patulus and 
found that both food and temperature had a significant effect on reproduction 
and population growth. Gopakumar (1998) studied the reproductive potential 
of four different clones of B. plicatilis at different temperatures, salinities, feed 
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types and feed concentrations, and found that both salinity and feed 
concentration had a significant effect on their reproductive potential (rmax) . 
According to him the optimum culture conditions for those four clones of B. 
plicatilis were at the sa.linities of 2.5 ppt, 5 ppt, 10 ppt and 17 ppt respectively 
and at temperature between 28°C and 32°C. Thus, despite the studies on the 
above species our present knowledge on the reproductive biology of rotifers 
from Kerala is scarce. However, the determination of the reproductive 
potential for a specific rotifer species under controlled conditions is the key to 
developing mass culture of the potential rotifer species since a suitable sized, 
nutritionally enriched live food organism is the major requirement for the mass 
rearing of many finfish larvae. Hence, the results of th is study on the impact of 
salinity, temperature , feed type and feed concentration on the reproductive 
potential of six rotifer species namely Brachionus angularis, B. caudatus, B. 
calyciflorus, B. plicatilis, B. murray and B. rotundiformis is presented in this 
chapter. 
MATERIAL AND METHODS 
A total of six rotifer species namely Brachionus angularis, B. caudatus , 
B. calyciflorus, B. plicatilis , B. murray and B. rotundiformis were employed for 
the present study. Of these B. calyciflorus, B. plicatilis, B. murray, and B. 
rotundiformis were collected from Veli - Aakulam estuary, whereas B. 
angularis and B. caudatus were collected from Poonthura estuary. These 
experimental animals were cultured in the laboratory using a starter culture of 
amitic female cloned from local plankton. The rotifers, B. angularis, B. 
caudatus and B. calyciflorus were fed with Chlorella ellipsoidea and 
maintained at room temperature (28-300 C). Similarly, B. plicatilis, B. murray 
and B. rotundiformis were fed with C. salina and the stock cultures were 
maintained at room temperature in the laboratory for feeding experiments. 
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Salinity, temperature, feed concentration and type of feeds were the 
variables tested in these experiments. Based on a series of salinity tolerance 
tests, three salinities were selected for B. angularis, B. caudatus and B. 
calyciflorus while a total of six salinity levels were chosen for B. plicatilis , B. 
murray and B. rotundiformis. The salinity levels chosen for B. plicatilis and B. 
murray were 0.5 ppt, 5 ppt, 10 ppt, 15 ppt, 25 ppt and 35 ppt those chosen for 
B. rotundiformis were 2 ppt, 5 ppt, 10 ppt, 15 ppt, 25 ppt and 35 ppt. The 
experimental salinity levels chosen for B. caudatus and B. calyciflorus were 
0.5 ppt, 5 ppt and 7 ppt; those chosen for B. angularis were 0.5 ppt, 5 ppt and 
10 ppt. 
Four different freshwater feed types namely Chlorella ellipsoidea, 
Ankistrodesmus convolutus, Chlorococcum infusorium and Scenedesmus 
protuberans were employed for B. angularis, B. caudatus and B. calyciflorus. 
On the other hand, six marine algal diets were used for the other rotifers . 
They were Chlorella salina, C. infusorium, Tetraselmis gracilis, Isochrysis 
galbana and Chaetoceros calcitrans. All the algal cultures were maintained in 
the laboratory by using Walne's medium and in constant light. The stock 
cultures of C. ellipsoidea, C. salina and A. convolutus were obtained from the 
Vizhinjam Research Centre of CMFRI. The marine algal cultures of C. 
calcitrans, I. galbana and T. gracilis were obtained from CMFRI headquarters, 
Kochi and the rest of the algae, i.e., S. protuberans and C. infusorium were 
isolated from local water bodies by serial dilution method as described by 
Vonshak (1986). The required cell concentrations were prepared by 
centrifuging the algal cultures at 3000 rpm and then introduced the cells into 
the experimental vials of appropriate salinities and their cell counts were taken 
with a hemocytometer. 
The experimental feed concentrations employed for microalgae were as 
follows: 
Chlorella ellipsoidea: 1 x 106 , 2 x 106 , 3 x 106 , 4 x 106 , 6 X 106, 8 X 
106, 10 X 106 and 12 x 106 cells/ml. 
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Chlorella salina: 
Chlorococcum infusorium: 
Scenedesmus protuberans: 
Ankistrodesmus convolutus: 
Tetraselmis gracilis: 
Chaetoceros calcitrans: 
Isochrysis galbana: 
2 X 106, 4 X 106, 6 X 106, 8 X 106, 10 X 106 
and 15 x 106cells/ml. 
1 x 106, 2 X 106, 3 X 106, 4 X 106, 6 X 106, 8 X 
106, 10 X 106 and 12 x 106 cells/ml. 
1 x 106, 2 x 1 06, 3 x 106, 4 x 106, 5 x 106, 6 x 
106, 8 x 106 and 10 x 106 cells/ml. 
1 x 106, 2 x 1 06, 3 x 106, 4 x 106 , 5 x 1 06 , 6 X 
106, 8 X 106 and 10 x 106 cells/ml. 
0.5 x 106, 1 X 106, 2 X 106, 3 X 106, 5 X 106 
and 9 x 106 cells/ml. 
0.5 x 10, 1 x 106, 2 x 106, 3 x 106, 5 x 1 06 
and 8 x 106 cells/ml. 
1 x 106, 2 x 106, 3 x 106, 4 x 106, 5 x 1 06 
and 9 x 106 cells/ml. 
Of these, C. infusorium grew well in a wide range of salinity from zero 
ppt to 35 ppt and hence this alga was employed for both freshwater and 
halobiont rotifers . The cell concentrations of C. infusorium were chosen for the 
halobiont rotifers were 1 x 106, 2 X 106, 4 X 106, 6 X 106, 8 X 106 and 10 x 106 
cells/ml. The experiment was conducted at three temperatures: 25 ± 1°C, 29 ± 
1°C and 35 ± 1°C in thermostatically controlled water baths under continuous 
illumination. The rotifers were acclimatized to the experimental salinities, 
temperature and feed concentrations for one week before starting the 
experiments. Five ml of the medium of each feed type with appropriate feed. 
concentrations and salinities corresponding to the rotifer species were taken 
in vials. The five numbers of previously acclimatized amitic females (with a 
single egg) of each rotifer species (one animal/one ml) was carefully 
transferred to the appropriate medium with a micropipette. Each set of 
experiment was carried out in triplicate and the mean values were taken. For 
B. angu/aris , B. caudatus and B. ca/yciflorus a total of 216 vials were set up 
-for each rotifer as follows: 1 feed type x 8 feed concentrations x 3 salinities x 3 
temperatures x 3 replicates. For B. p/icatilis, B. murray and B. rotundiformis a 
152 
total of 324 vials were set up as follows for each taxon: 1 feed type x 6 feed 
concentrations x 6 salinities x 3 temperatures x 3 replicates. After three days 
(72 hours incubation) the number of females vial were counted and the 
reproductive potential was calculated according to the formula: 
r = In (Nt) - In (NO) 
t 
Where, r = instantaneous growth rate; In (Nt) = natural logarithm of number of 
females after'!' time; In (No) = natural logarithm of initial number of females; t 
= duration of experiment (3 days). 
The reproductive potential in relation to feed concentration , salinity and 
temperature was studied by three- way ANOVA (Using SYSTAT ver.7.0) 
RESULTS 
Brachionus angularis 
The reproductive potential value (mean 'r') of B. angularis in different 
feed concentration , temperature, salinity and feed types is presented in Figs. 
10Ba-c to 11a-c. The results indicated that salinity, temperature and food had 
significant effect on the reproductive potential of B. angularis. The highest 'r' 
was found at room temperature (2B-30°C) and at salinity of 0.5 ppt for all the 
feed concentrations. All the experiments showed that the mean 'r' values 
increased with increasing cell densities of the algal food . Rotifers fed on 
Chlorella el/ipsoidea and Chlorococcum infusorium showed an increase in 
mean number and mean 'r' values between 1 x 106 and 4 x 106 cells/ml and 
between 1 x 106 and 3 x 106 cells Im l respectively, but no further significant 
increase in 'r' was observed at concentrations above this level. Similarly, 
rotifers fed on Ankistrodesmus convolutus and Scenedesmus protuberans 
showed an increase in 'r' values between 1x 106 cells/ml and 3 x 106 cells/ml 
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and between 1 and 2 x 106 celis/ml respectively, and beyond these 
concentrations the 'r' value declined in ali the tested temperatures and 
salinities. The rotifers fed on C. ellipsoidea tended to have the highest 'r' value 
(1.74) when compared to those fed on C. infusorium (1.58), A. convolutus 
(1.57) and S. protuberans (0.92). The 'r' values for the best salinity of 0.5 ppt 
x feed concentration combination with C. ellipsoidea (4 x 106 celis/ml), A. 
convolutus (3 x 106 celis/ml), S. protuberans (1 x 106 celis/ml) and C. 
infusorium (3 x 106 celis/mil. at room temperature were 1.74, 1.57 , 0.92 and 
1.57 respectively and the same at lower temperature of 24 - 26°C were 1.27, 
1.27, 0.82 and 0.86 respectively. The 'r' values for the best salinity x feed 
concentration combination with the above mentioned algal food at thermostat 
temperature of 35 - 37°C were 0.89, 1.03, 0.79 and 1.26 respectively. 
Results of the three way analysis of variance (Tables 16 - 19) showed 
significant influence of feed concentration (p<0.01 ), salinity (p<0.01 ), salinity x 
feed concentration (p<0.01 ) and feed concentration x salinity x temperature 
(p<0.01 ) were significantly influenced the 'r' value of B. angularis in ali the 
treatments. 
Brachionus caudatus 
The reproductive potential values of B. caudatus (mean 'r') in different 
feed type and feed concentrations at three temperature and salinity are given 
in Fig. 112a-c to 115a-c. The salinity that gave the rmax was at 0.5 ppt for ali 
the feed types and feed concentrations. The reproductive rate declined as the 
salinity increased and the least 'r' value was noted at the highest salinity of 7 
ppt for ali types of the feed and feed concentrations. Similarly, ali the types of 
feed gave the highest 'r' value at room temperature (28-300 C). The feed 
concentrations in which the highest 'r' value were noted for the feed types C. 
ellipsoidea, C. infusorium, A. convolutus and S. protuberans were 4 x 106 
celis/ml, 4 x 106 celis/ml , 3 x 106 celis /ml and 1 x 106 celis /ml respectively. 
Rotifers fed on C. ellipsoidea and C. infusorium showed an increase in 
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reproductive rate between 1 and 4 x 106 cells Iml , but no further significant 
increase in 'r' was observed above this concentration of this feed type. The 'r' 
values of rotifers fed on A. convolutus showed an increasing trend between 1 
x 106 cells/ml and 3 x 106 cells/ml but the rate declined significantly above 3 x 
106 cells/ml of this feed . The rotifers fed on S. protuberans showed a similar 
trend . The 'r' values increased between 1 x 106 and 2 x 106 cells/ml , and 
above this concentration the reproductive rate was significantly reduced at all 
the tested temperatures. The 'r' values for the best salinity (0.5 ppt) x feed 
concentration combinations with C. ellipsoidea, C. infusorium, A. convolutus 
and S. protuberans were 1.47, 1.30, 1.24 and 0.94 at room temperature and 
the same at lower temperature were 1.30, 0.86, 0.99 and 0.79. At higher 
temperature the 'r' values for the best salinity x feed concentrations with C. 
ellipsoidea, C. infusorium, A. convolutus and S. protuberans were 1.12, 1.03, 
1.08 and 0.83 respectively. 
The three way analysis of variances (Tables 20 to 23) showed that the 
interactions of salinity x feed concentration (p<0.01 ), feed concentration x 
temperature (p<O.01 ), salinity x temperature (p<O.01 ) and feed concentration 
x salinity x temperature (p<O.01 ) were significant for A. convolutus and S. 
protuberans. However, the interaction of salinity x feed concentrations x 
temperature was not significant for C. el/ipsoidea and C. infusorium. 
Brachionus ca/ycifforus 
The data for assessing the effects of temperature, salinity, feed type 
and feed concentrations on reproductive potential of B. calyciflorus are given 
in Fig . 116a-c to 119a-c with the results of analysis of variance presented in 
Tables 24 to 27. The salinity that yielded the highest 'r' value for all the types 
of feed and feed concentrations was 0.5 ppt. The highest 'r' value for all 
treatments was noted at room temperature (28°C to 30°C) . Among the 
different algae used for the experiment, rotifers fed on C. ellipsoidea tended to 
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have the highest 'r' (1 .91) when compared to those fed on A. convolutus 
(1.83), S. protuberans (1 .62) and C. infusorium (1 .77) respectively. The 
experiments showed that the mean 'r' values increased with increasing feed 
concentrations irrespective of salinity and temperatures. Rotifers fed with C. 
ellipsoidea and C. infusorium showed an increase in 'r' values between 1 x 
106 and 8 x 106 cells/ml, but no further significant increase in 'r' was observed 
above this feed concentration . Likewise, rotifers fed with A. convolutus 
showed a similar trend in 'r' values at algal cell densities upto the cell 
concentration of 5 x 106 , and above this density level the 'r' values declined. 
Rotifers fed on S. protuberans showed an increase in 'r' values between 1 x 
106 and 4 x 106 cells/ml and beyond this level the 'r' decreased. The highest 'r' 
values for the best salinity x feed concentration combinations with C. 
ellipsoidea, A. convolutus, S. protuberans and C. infusorium at room 
temperature of 28 - 30°C were 1.91 , 1.83, 1.62 and 1.77 respectively and the 
same at thermostat temperature of 35 - 35°C were 1.67, 1.75, 1.53 and 1.76 
respectively. However, at the lower temperature (24 - 26°C) all the feed types 
yielded the minimum values irrespective of the salinity and feed 
concentrations. 
Analysis of variance showed that the interaction of feed concentration x 
salinity (p<0.01), feed concentration x temperature (p<0.01), salinity x 
temperature (p<0.01) and feed concentration x salinity x temperature (p<0.01 ) 
were significant for all the feed types. 
Brachionus plicatilis 
The reproductive potential values (mean 'r') for different type of feeds , 
feed concentrations, salinities and temperatures are presented in Fig. 120a-c 
to 124a-c. The salinity that gave the maximum reproductive potential for all 
the feed types and feed concentrations was 5 ppt. The 'r' values declined as 
the salinity increased from this level. The least 'r' values were noted at the 
highest salinity of 35 ppt for all the types of feed and feed concentrations. 
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Among the microalgae C. infusorium gave the highest 'r' at all the tested 
temperature. The feed concentration in which the highest 'r' were noted for 
the feed types C. salina , I. galbana, T. gracilis, C. infusorium and C. calcitrans 
at room temperature were 4 x 106 cell/ml, 2 x 106 cells/ml , 1 x 106 cells/ml, 4 x 
106 cells/ml and 1 x 106 cells/ml respectively and the same at thermostat 
temperature were 4 x 106 cells/ml, 2 x 106 cells/ml , 1 x 106 cells/ml, 4 x 106 
cells/ml and 1 x 106 cells/ml respectively. However, at lower temperature in 
most cases the feed concentration showed marginal decrease from 
corresponding feed concentration at room temperature. The 'r' values for the 
best salinity x feed concentration combinations with C. salina , /. ga/bana, T. 
gracilis, C. infusorium and C. calcitrans at room temperature were1 .43, 1.42, 
1.18, 1.47 and 1.03 respectively and the same at lower temperature and 
thermostat temperature were 1.02 and 0.80, 1.04 and 0.81 , 0.97 and 0.94, 
1.14 and 0.78 and 0.97 and 0.82 respectively. 
Analysis of variance (Table 28 to 32) showed that the interactions of 
feed concentration x salinity (p<0.01), feed concentration x temperature 
(p<0.01) , temperature x salinity (p<0.01) and feed concentration x salinity x 
temperature (p<0.01) were also significant for all the types of feeds. 
Brachionus murray 
The mean 'r' value for the different types of feed , feed concentrations, 
salinities and temperatures is presented in Fig. 125a-c to 129a-c. The salinity 
which gave the maximum reproductive potential for all the feed types and feed 
concentrations was 10 ppt. The 'r' values declined as the salinity decreased or 
increased from this level. The least 'r' values were noted at the highest salinity 
(35 ppt) for all the types of feed and feed concentrations. Among the 
microalgae Chaetoceros ca/citrans gave the highest 'r' of 1.22, 1.74 and 1.59 
at 24 - 26°C, 28 - 30°C and 35 - 37°C respectively. The feed concentration in 
which the highest 'r' was noted for the feed types C. calcitrans, I. ga/bana, T. 
gracilis, C. infusorium and C. salina at room temperature were 2 x 106 cell/ml, 
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2 x 106 cells/ml, 1 x 106 cells/ml, 4 x 106 cells/ml and 4 x 106 cells/ml 
respectively at room temperature. However, at lower and higher temperatures 
in most cases the feed concentration showed marginal decrease or increase 
from the corresponding values at room temperature. The 'r' values for the best 
salinity x feed concentration combinations with C. ca/citrans, I. galbana, T. 
graci/is , C. infusorium and C. salina at room temperature were1 .74, 1.54, 
1.51 , 1.33 and 1.46 respectively, and the same at lower temperature and 
thermostat temperature were 1.22 and 1.59; 0.97 and 1.49; 0.75 and 1.38; 
0.84 and 1.21 and 0.83 and 1.29 respectively. 
Analysis of variance (Table 33 to 37) showed that the interaction of 
feed concentration x salinity p<0.01), feed concentration x temperature 
(p<0.01 ), temperature x salinity (p<0.01) and feed concentration x salinity x 
temperature (P<0.01 ) were significant for all the types of feed . 
Brachionus rotundiformis 
The mean 'r' values for different feed concentration, feed type, sal inity 
and temperature are given in Fig . 130a-c to 134a-c. The salinity that gave the 
highest 'r' value was 15 ppt for all the feed types and feed concentrations. The 
'r' values declined at the salinities above or below this level. All the types of 
feed gave the highest 'r' values at room temperature and at thermostat 
temperature. The least 'r' values for all the feed type were noted at lower 
temperature (24 - 26°C). Among the different algal diets employed for the 
study, rotifers fed on I. galbana tended to have the highest 'r' (1 .83) when 
compared to those fed on T. gracilis (1.78) , C. salina (1 .50), C. infusorium 
(1 .38) and C. calcifrans (1.32). Rotifers fed on I. galbana, T. gracilis and C. 
calcifrans showed an increase in 'r' values between 0.5 x 106 cell/ml and 2 x 
106 cells/ml , but no further significant increase in 'r' was observed at above 2 
x 106 cells/ml. Similarly, rotifers fed on C. infusorium and C. salina showed an 
increase in 'r' values between 2 x 106 cells/ml and 4 x 106 cells/ml and 1 x 106 
and 4 x 106 cells/ml; beyond this level 'r' values declined. The r max values for 
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the best salinity (15 ppt) x feed concentration combination with I. galbana (2 x 
106 celis/ml) , T. gracilis (1 x 106 celis/ml), C. infusorium (4 x 106 celis/m) , C. 
salina (4 x 106 celis/ml) and C. calcitrans (1 x 106 celis/ml) at room 
temperature were 1.83, 1.78, 1.50, 1.38 and 1.32 respectively and the same 
at the higher temperature were 1.83, 1.41 , 1.36, 1.48 and 1.30 respectively. 
The rmax values for the best salinity x feed concentration combination with 
those feed types at lower temperature were 1.03, 0.91 , 0.76, 0.96 and 0.69 
respectively. 
The results of the three way analysis of variances (Table 38 to 42) 
showed that the interactions of feed concentration x salinity (p<0.01 ), feed 
concentration x temperature (p<0.01), temperature x salinity (p<0.01) and 
feed concentration x salinity x temperature (p<0.01 ) were significant for C. 
salina, T. gracilis , C. infusorium, C. calcitrans and I. galbana. 
DISCUSSION 
The experiments showed that the reproductive potential of Brachionus 
species depended on the temperature, salinity, feed type and feed 
concentration . On the basis of laboratory studies it may be concluded that 
temperature had a direct effect on reproductive rate of rotifers. The least and 
highest r max values for B. angularis, B. plicatilis and B. caudatus were 
recorded at thermostat (35 - 37°C) and room temperatures (28 - 30°C) 
respectively, whereas the same for B. calyciflorus, B. murray and B. 
rotundiformis were recorded at lower (25 - 26°C) and room temperatures (28 -
30°C) . The present results had confirmed the findings of Miracle and Serra 
(1 989) who concluded that warmwater- adapted rotifer species (tropical 
rotifers) show their highest or maximum 'r' values at temperature over 27°C. 
According to Snell (1986) and Gopakumar (1 998) the highest rmaxvalue for B. 
plicatilis was noted at 30°C. Galkovskaya (1 987) had observed that the rotifer 
B. calyciflorus recorded its highest 'r' value (2.95) at the temperature of 30°C. 
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Su et al. (1994), Hagiwara et al. (1995) and Assavaaree et al. (2003) had 
suggested that the most suitable temperature for the maximum reproductive 
potential of B. rotundiformis 'S' type and B. rotundiformis 'ss' type were at 
temperature above 30°C. According to Walz (1987) the best temperature for 
maximum 'r' value for B. angularis was 25°C but in the present study the 
highest 'r' value of this taxon was recorded at room temperature (28 - 30°C), 
and this difference may be attributed to the clone selection at the 
environmental temperatures of origin and the interaction of food with 
temperature, since different strains or clones of these species have different 
'r' maxima at different temperatures. However, the direct effect of temperature 
on 'r' of rotifers is difficult to determine since it is mainly affected by population 
density and food supply. The influence of temperature could be inferred from 
the response manifesting as developmental rates or metabolic activities to 
increasing temperature , and the resultant 'r' values reaching a maximum. 
Beyond this point 'r' sharply decreases. The optimum temperature is the 
upper limit for the normal functioning of the animal in the particular set of 
rearing conditions, which in turn depend on the genotype. 
The present investigation showed a strong influence of salinity on 'r' of 
all the rotifer species studied. B. angularis, B. caudatus and B. calyciflorus 
yielded their highest 'r' value at the salinity of 0.5 ppt, and above this level 
their 'r' declined irrespective of the optimum conditions of temperature, feed 
type and feed concentration . On the other hand, the haline rotifers B. p/icatilis, 
B. murray and B. rotundiformis recorded their highest 'r' values at the 
salinities of 5 ppt, 10 ppt and 15 ppt respectively, and above or below these 
levels their 'r' values decreased. Thus the present study is in agreement with 
the findings of Miracle and Serra (1989) and Serra et al. (1998) concluded 
that the direct effect of salinity on 'r' values dependended on the species and 
genotype. The influence of salinity is directly correlated with the osmo-
regulatory capacity of the rotifers , which in turn is strongly dependent on the 
genotype. The genotype is adapted to an optimum salinity in which 'r' is high. 
Then 'r' decreases as salinity conditions move away from this optimum due to 
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a decrease in fertility and survival. Pourriot and Rougier (1975) , Aranovich 
and Spektorova (1974) and Miracle et al. (1987) had observed that the 
reproductive rate and survival of B. dimidiatus, B. calyciflorus and B. angularis 
decreased as the salinity increased from 0.5 ppt to 9 ppt, 2 ppt to 10 ppt and 
0.5 ppt to 24 ppt respectively. Hagiwara et al. (1995) had observed that the 
optimum salinity for the best 'r' for B. plicatilis, B. rotundiformis (both'S' and 
'ss' type) were at 10 ppt and 11 ppt to 22 ppt respectively. 
Both feed type and feed concentration are crucial factors in 
determining the reproductive potential of different rotifer species. The highest 
and the lowest reproductive potential values of B. angularis , B. caudatus and 
B. calyciflorus were observed on the diets of C. ellipsoidea and S. 
protuberans respectively. The present observations support the findings of 
Rothhaupt (1990), Martinez and Dodson (1992), Rostock (1995), Ignacio and 
Martinez (1998) , Jiakin and Xiangfei (1998) and Yilong (1999) who reported 
that the algal species such as Chlorella vulgaris, C. ellipsoidea, C. 
pyrenoidosa, Cyclotella meneghiniana, Scenedesmus acutus, S. obloquies 
and Chlamydomonus spp., Oocystis elliptica, Chlorophyceans, Nannochloris 
sp. etc. are ideal food sources for the freshwater rotifers especially for B. 
rubens, B. angularis, B. quadridentatus and B. calyciflorus. 
The highest 'r' value for B. plicatilis previously reported was 1.40 and 
1.36 by Gopakumar (1998) on the diet of C. marina and Tetraselmis gracilis 
but in the present study, the feed type did not show much variation between 
the tested algal diets except on the diet of C. calcitrans, in which the least 'r' 
value was noted. However, Tetraselmis, Isochrysis, Chlorella capsulate, 
Chlorogibba trochisciaeformis and Chlorella had been commonly used as a 
nutritious food for B. plicatilis by many researchers (Trotta , 1983; Okaushi and 
Fukusho, 1984; Fukusho et al., 1985; Rezeq and James 1985, 1987; James 
and Rezeq, 1988; Rafiuddin and Neelakantan, 1990) . 
.. 
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During the present investigation it was observed that the rotifer B 
murray (= B. rotundiformis 'S' type) fed on C. calcitrans had recorded its 
highest reproductive rate and not on the feed Isochrysis galbana. Earlier 
investigation (Korstad et al. , 1989; Hagiwara et al., 1995). on the contrary, 
had suggested that I. galbana and Nannochloropsis oculata were the most 
suitable diets for optimum reproductive potential of B. rotundiformis. However, 
the present findings corroborate the observations that the abundance of this 
species was always ' associated with diatom bloom especially that of 
Chaetoceros spp. in its natural habitat. Haberman and Sudzuki (1998) noticed 
a similar observation from Japan. Therefore, the substantial variation 
recorded may be attributed to geographical strain variation of this taxon. 
According to Su et al. (1994) and Rumengan et al. (1998) the suitable 
feeds were Isochrysis galbana, Nannochloropsis spp. and Tetraselmis spp. 
for the optimum population growth and reproductive rate for B. rotundiformis 
'ss' type. In the present study, the algal diets such as I. galbana, C. salina and 
T. gracilis yielded the highest 'r' values for B. rotundiformis (= B. rotundiformis 
'ss' type) and this is in agreement with the findings of above mentioned 
authors. 
The concentration of the feeds had a significant influence on 'r', which 
IS dependent on the type of the feed (James et al., 1983). Hence the 
concentration of feed required for the highest 'r' value varies with the particle 
size of the feed . Among the freshwater algal species S. protuberans (30 -
37 iJT1) is larger than C. ellipsoidea (2 - 5 jJm), Chlorococcum infusorium (2 - 7 
jJm) and Ankistrodesmus convolutus (1 0 - 20 jJm) and hence its concentration 
requirements is proportionately lower than that of C. ellipsoidea and A. 
convolutus for B. calycif/orus, B. angularis and B. caudatus. However, the 
least 'r' values for B. angularis and B. caudatus were obtained on the diet of 
S. protuberans at a cell concentration of 1 x 106, and that can be attributed to 
the particle size of this alga being too big for the ingestion by these rotifers. 
The present observation is in conformity with the findings of Hino and Hirano 
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(1980), Rothhaupt (1990) and Jiakin and Xian9fei (1998) who observed that 
B. angularis and B. plicatilis were preferred food items ~ 5 IJm in mean 
diameter, whereas B. calyciflorus, B. rubens and B. quadridentatus were 
preferred food items ~ 15 IJm in mean diameter. Among the marine algae 
employed for the present study, the alga T. gracilis had the larger size (14 -
30 IJm) than that of C. salina (2 - 5 IJm), I. galbana (3 - 7 IJm) and C. calcitrans 
(3 - 6 IJm) and hence its concentration requirement is comparatively less than 
that of C. salina and I. galbana for all the three haline rotifer species studied. 
The increase in the reproductive rate of all the rotifer species studied 
corresponded with the increase in cell number of algal diets as evident from 
the present observations. The 'r' values of the rotifers showed a curvilinear 
relationship with algal cell density where the 'r' values increased with 
corresponding increase in cell densities of the feed (Rafiuddin and 
Neelakantan, 1990). However, at higher concentrations (beyond the optimum 
concentration which varied with size of the algae and rotifer species) of the 
feed the 'r' value declined or became less pronounced in all the treatments. 
The present observation is in agreement with the findings of Yufera and 
Pascual (1985) who observed that ingestion increases with food density at 
lower concentrations and remains constant or declines at higher algal 
densities since the growth and reproduction are directly dependent on the 
food consumption of the rotifers . Among the interactions of different 
parameters, feed concentration x salin ity, feed concentration x temperature 
and feed concentration x salinity x temperature were significant for most of the 
rotifers. The results of this study show the effectiveness of various foods, 
which in turn are available as a food source for rotifers. 
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Fig. 108a-c: Reproductive potential Cr') of Brachionus angularis at different 
salinities and feed concentrations of Chlorella e/lipsoidea at three 
temperatures 
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Table 16: Result of three-way ANOVA comparing the reproductive potential of 
B. angularis in relation to sal inity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 14419.59 2 7560.15 46.79 0.00" 
Feed concentration 52921 .07 7 7209.79 49.07 0.00" 
Temperature 37707.62 2 18853.81 122.38 0.00" 
Salinity x Feed concentration 15167.22 14 1083.81 7.03 0.00" 
Feed concentration X Temperature 44002.08 14 3143.01 20.40 0.00" 
Salinity x Temperature 10662.05 4 2665.51 17.30 0.00" 
Salinity X Feed concentration x Temp 16518.25 28 589.94 3.83 0.00" 
Error 22184.67 144 154.06 
(* p<O.05; **p<O.01) 
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Fig. 109a-c: Reproductive potential ('r') of B. angularis at different salinities 
and feed concentrations of Ankistrodesmus convolutus at three temperatures 
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Table 17: Result of three-way ANOVA comparing the reproductive potential of 
B. angularis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 6307.53 2 3153.76 43.55 0.00" 
Feed concentration 33194.65 7 742.09 65.49 0.00" 
Temperature 16610.06 2 305.04 144.69 0.00-
Salinity x Feed concentration 5246.99 14 364.79 5.16 0.00" 
Feed concentration X Temperature 19348.66 14 382.05 19.09 0.00" 
Salinity x Temperature 3268.47 4 817.12 11 .28 0.00" 
Salinity X Feed concentration x Temp 4026.12 28 143.79 1.99 0.05' 
Error 10427.33 144 72.41 
(* p<O.05; **p<O.01 ) 
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Fig. 110a-c: Reproductive potential ('r') of B. angularis at different salinities 
and feed concentrations of Scenedesmus protuberans at three temperatures 
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Table 18: Result of three-way ANOVA comparing the reproductive potential of 
B. angularis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 118.39 2 297.68 14.58 0.00-
Feed concentration 2083.76 7 59.19 3.32 0.00" 
Temperature 100.34 2 50.17 12.36 0.00-
Salinity x Feed concentration 179.82 14 12.85 3.16 0.00·· 
Feed concentration X Temperature 220.77 14 15.77 3.88 0.00" 
Salinity x Temperature 18.07 4 4.65 1.15 0.348 
Salinity X Feed concentration x Temp 82.07 28 2.93 0.72 0.843 
Error 584.67 144 4.06 
(* p<O.05; **p<O.01) 
166 
Fig. 11 1 a-c: Reproductive potential ('r') of B. angularis at different salinities 
and feed concentrations of Chlorococcum infusorium at three temperatures 
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Table 19: Result of three-way ANOVA comparing the reproductive potential of 
B. angularis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 5594.57 2 2797.28 87.86 0.00" 
Feed concentration 19903.22 7 2843.32 89.31 0.00" 
Temperature 7819.89 2 3909.95 122.81 0.00" 
Salinity x Feed concentration 8033.44 14 573.82 18.02 0.00" 
Feed concentration X Temperature 8672.55 14 619.47 19.46 0.00·· 
Salinity x Temperature 3343.19 4 835.79 26.25 0.00·· 
Salinity X Feed concentration x Temp 7146.59 28 255.24 8.02 0.00" 
Error 4584.67 144 31 .84 
(* p<O.05; **p<O.01) 
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Fig. 112a-c: Reproductive potential of Brachionus caudatus at different 
salinities and feed concentrations of C. infusorium at three temperatures 
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Table 20: Result of three-way ANOVA comparing the reproductive potential of B. cauda/us in 
relation to salinity. feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 2674.75 2 1337.38 98.16 0.00·· 
Feed concentration 7628.65 7 1089.81 79.99 0.00·· 
Temperature 3585.19 2 1792.59 131 .57 0.00·· 
Salinity x Feed concentration 1463.10 14 104.51 7.67 0.00" 
Feed concentration X Temperature 2007.77 14 143.41 10.53 0.00·· 
Salinity x Temperature 1061 .97 4 265.49 19.49 0.00·· 
Salinity X Feed concentration x Temp 874.39 28 31 .23 2.29 0.01 " 
Error 1962.00 144 13.63 
(* p<O.05; **p<O.01) 
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Fig.113a-c: Reproductive potential ('r') of B. caudatus at different salinities 
and feed concentrations of S. protuberans at three temperatures 
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Table 21 : Result of three-way ANOVA comparing the reproductive potential of 
B. caudatus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 184.04 2 92.02 70.23 0.00-
Feed concentration 1189.54 7 169.93 129.70 0.00·· 
Temperature 14.51 2 7.26 5.34 0.00-
Salinity x Feed concentration 347.74 14 24.84 18.96 0.00·· 
Feed concentration x Temperature 14.82 14 1.06 0.81 0.659 
Salinity x Temperature 24.96 4 6.24 4.76 0.01·· 
Salinity X Feed concentration x Temp 49.48 28 1.77 1.35 0.131 
Error 188.67 144 1.31 
(* p<O.05; **p<O.01) 
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Fig. 114a-c: Reproductive potential ('r') of B. caudatus at different salinities 
and feed concentrations of C. el/ipsoidea at three temperatures 
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Table 22: Result of three-way ANOVA comparing the reproductive potential of 
B. caudatus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 9352.39 2 4676.19 121 .96 0.00·· 
Feed concentration 19363.17 7 2766.17 72.14 0.00·· 
Temperature 5372.07 2 2686.03 70.05 0.00·· 
Salinity x Feed concentration 6531 .31 14 466.52 12.17 0.00" 
Feed concentration x Temperature 4904.31 14 350.31 9.14 0.00" 
Salinity x Temperature 1642.99 4 410.75 10.71 0.00·· 
Salinity x Feed concentration x Temp 1756.64 28 62.75 1.64 0.033 
Error 5521 .33 144 38.34 
(* p<O.05; **p<O.01) 
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Fig.115a-c: Reproductive potential (' r') of B. caudatus at different salinities 
and feed concentrations of A. convolutus at three temperatures 
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Table 23: Result of three-way ANOVA comparing the reproductive potential of 
B. caudatus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 1450.01 2 725.01 90.52 0.00-
Feed concentra~on 6884.06 7 983.79 122.78 0.00" 
Temperature 539.84 2 269.92 33.70 0.00-
Salinity x Feed concentration 767.03 14 54.79 6.84 0.00-
Feed concentraoon x Temperature 1032.97 14 73.78 9.21 0.00-
Salinity x Temperature 174.29 4 43.57 5.44 0.00-
Salinity x Feed concentration x Temp 451 .78 28 16.14 2.02 0.04 
Error 1153.33 144 8.01 
(* p<O.05; **p<O.01 ) 
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Fig.116a-c: Reproductive potential ('r') of Brachionus calyciflorus at different 
salinities and feed concentrations of C. el/ipsoidea at three temperatures 
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Table 24: Result of three-way ANOVA comparing the reproductive potential of 
B. calyciflorus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 37867.93 2 5409.70 132.83 0.00-
Feed concentration 6368.12 7 3184.06 78.18 0.00-
Temperature 11091 .95 2 5545.98 136.18 0.00" 
Salinity x Feed concentration 15360.77 14 1097.19 26.94 0.00" 
Feed concentration X Temperature 16072.05 14 1148.00 28.19 0.00-
Salinity x Temperature 2695.13 4 673.78 16.544 0.00" 
Salinity X Feed concentration x Temp 1247.76 28 445.28 10.93 0.00-
Error 5864.67 144 40.73 
(* p<O.05; **p<O.01) 
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Fig.117a-c: Reproductive potential ('r) of B. calycifiorus at different salinit ies 
and feed concentrations of A. convolutus at three temperatures 
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Table 25: Result of three-way ANOVA comparing the reproductive potential of 
B. ca/ycifiorus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 167684.07 2 23954.87 33.16 0.00-
Feed concentration 165509.62 7 82754.61 144.55 0.00" 
Temperature 200164.57 2 100062.28 138.53 0.00-
Salinity x Feed concentration 91560.53 14 6540.04 9.05 0.00" 
Feed concentration X Temperature 87371 .36 14 6240.81 8.64 0.00-
Salinity x Temperature 86160.05 4 21540.01 29.82 0.00-
Salinity X Feed concentration x Temp 55732.92 28 1990.46 2.76 0.00-
Error 22184.67 144 154.06 
(* p<O.05; **p<O.01) 
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Fig. 118a-c: Reproductive potential ('r') of B. calyciflorus at different salinities 
and feed concentrations of S. protuberans at three temperatures 
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Table 26: Result of three-way ANOVA comparing the reproductive potential of 
B. calyciflorus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 90301 .33 2 12900.19 17.87 0.00-
Feed concentration 107813.69 7 53906.85 74.67 0.00-
Temperature 156999.19 2 78499.60 108.73 0.00-
Salinity x Feed concentration 66742.08 14 4767.29 6.60 0.00-
Feed concentration X Temperature 135977.25 14 9712.66 13.45 0.00-
Salinity x Temperature 79605.94 4 19901.49 27.57 0.00-
Salinity X Feed concentration x Temp 90847.833 28 3244.57 4.49 0.00-
Error 56307.34 144 154.06 
(* p<O.05; **p<O.01) 
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Fig. 119a-c: Reproductive potential ('r) of Brachionus ca/yciflorus at different 
salinities and feed concentrations of C. infusorium at three temperatures 
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Table 27: Result of three-way ANOVA comparing the reproductive potential of 
B. ca/yciflorus in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 114986.18 2 16426.59 76.05 0.00-
Feed concentration 93114.23 7 46557.12 215.56 0.00-
Temperature 101953.34 2 50976.67 236.02 0.00" 
Salinity x Feed concentration 62637.69 14 4474.12 20.72 0.00-
Feed concentration X Temperature 62698.81 14 4478.49 20.74 0.00-
Salinity x Temperature 43728.38 4 10932.10 50.62 0.00-
Salinity X Feed concentration x Temp 36911 .03 28 1318.25 6.10 0.00-
Error 31102.00 144 215.99 
(* p<O.05; **p<O.01) 
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Fig . 120a-c: Reproductive potential ('r) of Brachionus plicatilis at different feed 
concentration and salinities of Tetraselmis graci/is at three temperatures 
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Table 28: Result of three-way ANOVA comparing the reproductive potential of 
B. plicatilis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P value 
Salinity 1524.14 5 306.83 222.39 0.00" 
Feed concentration 3448.14 5 689.63 499.86 0.00-
Temperature 885.39 2 442.69 320.88 0.00" 
Salinity x Feed concentration 1888.69 25 75.55 54.76 0.00-
Feed concentration X Temperature 721 .72 10 72.17 52.31 0.00" 
Salinity x Temperature 699.17 10 69.92 50.68 0.00-
SalinitY X Feed concentration x Temp 797.72 50 15.95 11 .56 0.00-
Error 298.00 216 1.38 
(* p<O.05; **p<O.01) 
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Fig . 121a-c: Reproductive potential ('r') of B. plicatilis at different salinities and 
feed concentrations of Chaetoceros calcitrans at three temperatures 
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Table 29: Result of three-way ANOVA comparing the reproductive potential of 
B. plicatilis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 1680.99 5 336.20 295.20 0.00" 
Feed concentration 2884.51 5 576.55 506.55 0.00" 
Temperature 289.57 2 144.79 127.13 0.00" 
Salinity x Feed concentration 830.14 25 33.21 29.16 0.00" 
Feed con. x Temperature 482.61 10 48.26 42.38 0.00" 
Salinity x Temperature 381 .57 10 38.16 33.50 0.00" 
Salinity x Feed con. x Temp 669.57 50 13.39 11 .76 0.00" 
Error 246.00 216 1.14 
(. p<0.05; " p<0.01) 
Fig.122a-c: Reproductive potential ('r') of B. plicatilis at different salinities and 
feed concentrations of Isocrysis galbana at three temperatures 
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Table 30: Result of three-way ANOVA comparing the reproductive potential of 
B. plicatilis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 4840.09 5 968.02 149.49 0.00·· 
Feed concentration 7893.68 5 1578.74 243.81 0.00·· 
Temperature 8007.90 2 4003.95 618.34 0.00·· 
Salinity x Feed concentration 4415.45 25 176.62 27.28 0.00·· 
Feed con. x Temperature 4945.59 10 494.56 76.38 0.00·· 
Salinity x Temperature 4410.74 10 441 .07 68.12 0.00·· 
Salinity x Feed con. x Temp 3795.78 50 75.92 11 .72 0.00·· 
Error 1398.67 216 6.48 
(. p<0.05; ··p<0.01) 
Fig. 123a-c: Reproductive potential ('r') of B. plicatilis at different salinities and 
feed concentrations of C. infusorium at three temperatures 
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Table 31: Result of three-way ANOVA comparing the reproductive potential of 
B. plicatilis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 8481 .02 5 1696.20 172.98 0.00·· 
Feed concentration 6660.90 5 1332.18 135.86 0.00·· 
Temperature 7777.78 2 3888.89 396.60 0.00·· 
Salinity x Feed concentration 4538.26 25 181 .53 18.51 0.00·· 
Feed con . x Temperature 3348.33 10 334.83 34.15 0.00·· 
Salinity x Temperature 4867.22 10 486.72 49.64 0.00·· 
Salinity x Feed con. x Temp 3994.23 50 79.89 8.15 0.00·· 
Error 2118.00 216 9.81 
(. p<0.05; ··p<0.01 ) 
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Fig. 124a-c: Reproductive potential ('r') of B. plicatilis at different salinities and 
feed concentrations of Chlorella salina at three temperatures 
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Table 32: Result of three-way ANOVA comparing the reproductive potential of 
B. plicatilis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 2646.77 5 529.35 48.37 0.00" 
Feed concentration 4859.73 5 971 .95 88.81 0.00" 
Temperature 2567.80 2 1283.90 117.31 0.00" 
Salinity x Feed concentration 5080.49 25 203.22 18.57 0.00" 
Feed con. x Temperature 2944.35 10 294.44 26.90 0.00" 
Salinity x Temperature 2795.42 10 279.54 25.54 0.00" 
Salinity x Feed con. x Temp 7108.21 50 142.16 12.99 0.00" 
Error 2364.00 216 10.94 
(. p<0.05; ··p<0.01) 
Fig . 125a-c: Reproductive potential ('r') of Brachionus murray at different 
salinities and feed concentrations of C. salina at three temperatures 
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Table 33: Result of three-way ANOVA comparing the reproductive potential of 
B. murray in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 10809.35 5 2161 .87 17.66 0.00** 
Feed concentration 7151 .87 5 1430.37 116.88 0.00" 
Temperature 5136.78 2 2568.39 209.88 0.00" 
Salinity x Feed concentration 5541 .56 25 221 .66 18.11 0.00** 
Feed con. x Temperature 3050.29 10 305.03 24.93 0.00" 
Salinity x Temperature 4011 .92 10 401 .19 32.78 0.00** 
Salinity x Feed con. x Temp 2999.67 50 99.99 4.90 0.00" 
Error 2643.33 216 12.24 
(* p<0.05; " p<0.01 ) 
Fig. 126a-c: Reproductive potential ('r') of B. murray at different salinities and 
feed concentrations of Tetraselmis gracilis at three temperatures 
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Table 34: Result of three-way ANOVA comparing the reproductive potential of 
B. murray in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 14728.99 5 2945.79 70.97 0.00** 
Feed concentration 15223.62 5 3044.72 73.35 0.00·· 
Temperature 8761 .19 2 4380.59 105.53 0.00·· 
Salinity x Feed concentration 10902.81 25 436.11 10.51 0.00·· 
Feed con . x Temperature 14486.00 10 1448.60 34.90 0.00** 
Salinity x Temperature 6948.41 10 694.84 16.74 0.00·· 
Salinity x Feed con. x Temp 12511.74 50 250.24 6.03 0.00** 
Error 8966.00 216 41 .51 
(. p<0.05; ··p<0.01) 
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Fig . 127a-c: Reproductive potential ('r') of B. murray at different salinities and 
feed concentrations of C. calcitrans at three temperatures 
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Table 35: Result of three-way ANOVA comparing the reproductive potential of 
B. murray in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 72916.98 5 14583.40 73.98 0.00· · 
Feed concentration 45530.98 5 9106.10 45.98 0.00·· 
Temperature 16878.71 2 8439.36 52.62 0.00·· 
Salinity x Feed concentration 59606.71 25 2384.36 12.04 0.00·· 
Feed con. x Temperature 15663.36 10 1566.34 7.91 0.00·· 
Salinity x Temperature 21892.22 10 2189.22 11 .06 0.00·· 
Salinity x Feed con. x Temp 26706.82 50 534.14 2.70 0.00" 
Error 42774.67 216 198.03 
(' p<0.05; '·p<0.01 ) 
Fig. 128a-c: Reproductive potential Cr') of B. murray at different salinities and 
feed concentrations of Isocrysis galbana at three temperatures 
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Table 36: Result of three-way ANOVA comparing the reproductive potential of 
B. murray in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 24292.83 5 4858.57 117.06 0.00·· 
Feed concentration 14783.98 5 2956.80 71.24 0.00·· 
Temperature 15818.23 2 7909.11 190.55 0.00·· 
Salinity x Feed concentration 9455.15 25 378.21 9.11 0.00·· 
Feed con. x Temperature 6798.70 10 679.87 16.38 0.00·· 
Salinity x Temperature 12587.07 10 1258.71 30.33 0.00·· 
Salinity x Feed con. x Temp 10764.67 50 215.29 5.19 0.00·· 
Error 8965.33 216 41 .51 
• ( p<0.05; ··p<0.01) 
Fig. 129a-c: Reproductive potential ('r') of B. murray at different salinities and 
feed concentrations of Chlorococcum infusorium at three temperatures 
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Table 37: Result of three-way ANOVA comparing the reproductive potential of 
B. murray in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 6513.90 5 1302.78 23.38 0.00·· 
Feed concentration 4653.39 5 930.68 16.71 0.00·· 
Temperature 2063.38 2 1031.69 18.52 0.00·· 
Salinity x Feed concentration 2623.71 25 104.95 1.88 0.09 
Feed con. x Temperature 4355.40 10 435.54 7.82 0.00·· 
Salinity x Temperature 1615.33 10 161.53 2.90 0.00" 
Salinity x Feed con. x Temp 6716.56 50 134.33 2.41 0.00·· 
Error 12034.00 216 55.71 
(. p<0.05; ··p<0.01 ) 
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Fig. 130a-c: Reproductive potential ('r) of Brachionus rotundiformis at different 
salinities and feed concentrations of Chlorella salina at three temperatures 
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Table 38: Result of three-way ANOVA comparing the reproductive potential of 
B. rotundiformis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 23094.65 5 4618.93 97.05 0.00" 
Feed concentration 26956.94 5 5391 .34 113.28 0.00" 
Temperature 13721 .28 2 6860.64 144.15 0.00" 
Salinity x Feed concentration 5851 .34 25 234.05 4.92 0.00" 
Feed con. x Temperature 4061 .09 10 406.11 8.53 0.00" 
Salinity x Temperature 18222.49 10 1822.25 38.29 0.00" 
Salinity x Feed con. x Temp 8067.14 50 161 .34 3.39 0.00" 
Error 10280.00 216 47.59 
(. p<0.05; ··p<0.01) 
Fig . 131a-c: Reproductive potential ('r') of B. rotundiformis at different 
salinities and feed concentrations of Isocrysis galbana at three temperatures 
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Table 39: Result of three-way ANOVA comparing the reproductive potential of 
B. rotundiformis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 293673.79 5 58734.76 214.02 0.00·· 
Feed concentration 75828.68 5 15165.76 55.26 0.00·· 
Temperature 133467.23 2 66733.61 243.17 0.00·· 
Salinity x Feed concentration 77053.04 25 3082.12 11 .23 0.00·· 
Feed can. x Temperature 60438.33 10 6043.83 22.02 0.00·· 
Salinity x Temperature 151709.11 10 15170.91 55.28 0.00" 
Salinity x Feed con . x Temp 74721 .12 50 1494.42 5.45 0.00·· 
Error 59278.00 216 274.44 
(. p<0.05; · ·p<0.01) 
Fig. 132a-c: Reproductive potential ('r') of B. rotundiformis at different 
salinities and feed concentrations of Tetrase/mis gracilis at three temperatures 
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Table 40: Result of three-way ANOVA comparing the reproductive potential of 
B. rotundiformis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 36714.10 5 7342.82 127.41 0.00" 
Feed concentration 37082.21 5 7416.44 128.69 0.00" 
Temperature 24100.64 2 12050.32 209.09 0.00" 
Salinity x Feed concentration 29741 .12 25 1189.65 20.64 0.00" 
Feed con. x Temperature 28360.14 10 2894.28 50.22 0.00" 
Salinity x Temperature 29360.14 10 2936.01 50.94 0.00" 
Salinity x Feed con. x Temp 39510.64 50 790.21 13.71 0.00" 
Error 12448.67 216 57.63 
(. p<0.05; "p<0.01) 
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Fig.133a-c: Reproductive potential ('r') of B. rotundiformis at different salinities 
and feed concentrations of C. calcitrans at three temperatures 
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Table 41: Result of three-way ANOVA comparing the reproductive potential of 
B. rotundiformis in relation to salinity, feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 10986.59 5 2197.32 193.46 0.00·· 
Feed concentration 16173.96 5 3234.79 284.80 0.00·· 
Temperature 7646.06 2 3823.03 336.59 0.00·· 
Salinity x Feed concentration 7607.67 25 304.31 26.79 0.00·· 
Feed con. x Temperature 6126.32 10 612.63 53.94 0.00·· 
Salinity x Temperature 4702.24 10 470.22 41.40 0.00·· 
Salinity x Feed con. x Temp 465.39 50 93.19 8.21 0.00" 
Error 2453.33 216 11.36 
(. p<0.05; ··p<0.01) 
Fig . 134a-c: Reproductive potential ('r') of B. rotundiformis at different 
salinities and feed concentrations of C. infusorium at three temperatures 
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Table 42: Result of three-way ANOVA comparing the reproductive potential of 
B. rotundifonnis in relation to salinity. feed concentration and temperature 
Source of variation SS df MS F ratio P 
value 
Salinity 5879.58 5 1175.92 31 .1 8 0.00·· 
Feed concentration 13808.18 5 2761 .64 73.23 0.00·· 
Temperature 2730.06 2 1365.03 36.20 0.00·· 
Salinity x Feed concentration 7345.21 25 293.81 7.79 0.00·· 
Feed con. x Temperature 4584.13 10 458.41 12.16 0.00·· 
Salinity x Temperature 2090.39 10 209.04 5.54 0.00·· 
Salinity x Feed con . x Temp 5843.87 50 116.88 3.10 0.00·· 
Error 8145.33 216 37.71 
(. p<0.05; ··p<0.01 ) 
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INFLUENCE OF TEMPERATURE 
AND SALINITY ON THE LIFE HISTORY 
CHARACTERISTICS 
OF SELECTED ROTIFERS 
INTRODUCTION 
Short life cycle, perennial availability and quick parthenogenetic 
reproduction make rotifers a good material for population dynamic studies. As 
species population dynamics are the results of the sum of the life histories, 
exhibited by each individual , it is important to know the parameters of 
population density. Eventhough, much is known about the biology of many 
planktonic rotifers, investigations on the life table parameters namely intrinsic 
rate of increase, reproductive value, predicted age distribution and maximum 
life duration of the rotifers are scarce. 
Several workers had studied the effect of food , temperature and salinity 
on the life history parameters of various rotifers especially the species 
belonging to the genus Brachionus (King, 1972; Ruttener-Kolisko, 1972; 
Halbach, 1973; Snell and King , 1977; Vinberg and Galkovskaya, 1979; 
Galkovskaya, 1987; Walz, 1987, 1997; Korstad et a/., 1989; Gopakumar, 
1998; Yoshinaga et a/., 2003). 
The direct positive effect of temperature on physiological rates in 
individual rotifers and on rotifer populations has been clearly demonstrated. 
Several of these studies deal with the relationship between temperature and 
duration of embryonic development. In a wide range of temperature, the 
duration of embryonic development in roliter is a curvilinear function of 
temperature, whereas the same in a limited range of temperature is a linear 
function of temperature (Edmondson, 1965; Vinberg and Galkovskaya, 1979; 
Herzig, 1983; Duncan, 1983; Galkovskaya, 1987). The slope of the curve and 
the absolute rate values are dependent on genotype. The coldwater adapted 
species have lower slopes and smaller rates than warmwater-adapted 
species (Galkovskaya, 1987). Therefore, in many cases coldwater-adapted 
species show faster low temperature development but much slower high 
temperature development than warm-adapted species and vice-versa . The 
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effect of temperature is also dependent on its stability. If temperature 
fluctuates around a mean value , the egg development time deviates from that 
at the constant mean (Ruttner-Kolisko, 1975, 1978). 
It is often assumed that the duration of embryonic development is only 
dependent upon the temperature (Herzig , 1983). However, relations with 
other parameters have also been described mainly with egg volume which in 
turn , is dependent on temperatu re (Pourriot, 1973) or on the feeding 
conditions of the mother (Yufera , 1987). The duration of pre-embryonic and 
post-embryonic development is also a clear function of temperature and under 
the same feeding conditions the ratio between the post-embryonic and the 
embryonic development time remains quite constant (Ruttner-Kolisko, 1975). 
Thus, the duration of these periods does not deviate significantly from that 
obtained at the corresponding mean temperature (Ruttener-Kolisko, 1978). 
Several workers have estimated the mean lifespan of various rotifer 
species at different temperatures. King (1967) found that Euchlanis dialata 
live for 3.4 days and 3.76 days at 18°C and 27°C respectively. Hirayama and 
Kusano (1972), King and Miracle (1 980), Nagata (1985) and Snell (1986) 
have found that Brachionus plicatilis lived for 11 days to 16 days, 9 days to 15 
days and 6.2 days to 26.5 days at temperatures of SoC, 14°C and 20°C 
respectively. Similarly, Walz (1983, 1987) found that B. angularis live for 
about 19.4 days and 2.8 days at 5°C and 25°C respectively. Halbach (1973) 
and Galkovskaya (1987) have found that B. calyciflorus live for about 17.2 
days and 1.7 days at 15°C and 37°C respectively. All these studies have 
clearly illustrated that the lifespan decreases with a rise of temperature, the 
relationship again being similar to the duration of embryonic and post 
embryonic development, intervals between egg depositions, etc. Lifespan 
matches the corresponding acceleration of reproductive efforts with 
temperature, and an inverse relationship exists between the two responses. 
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Like temperature , salinity also plays a vital role in the life table 
parameters of an individual rotifer. Several rotifer genera have halobiont 
species living in a very wide range of salinities. Salinity is one of the important 
factors conditioning the rotifer distribution in their natural habitat (Miracle et 
aI. , 1987). The influence of salinity is directly related to the osmotic regulation 
capacity of an individual, which in turn strongly dependent on the genotype 
and species. Lansing (1942) found that the mean lifespan of Rotifer vulgaris 
decreases with increasing levels of salinity. According to Aranovich and 
Spektorova (1974), Brachionus calyciflorus decreases its survival and 
fecundity as the sal inity rises from 2 ppt to 10 ppt, negative slope being 
progressively steeped. Miracle et al. (1987) found that the lifespan and 
fecundity of B. angularis decreases as salinity rises from 0.5 ppt to 24 ppt. 
Thus the decrease in growth rate when salinity increases above the optimum, 
is first due to a decrease in fecundity and second to a decrease in survival. 
Parthenogenetically reproducing rotifers have the potential for very 
high reproductive rates. This is because they have a relatively short pre-
reproductive period. The number of oocytes in her germovitellarium limits the 
total number of offspring that a female can produce. Since rotifers are eutelic 
and can form no new oocytes after birth, the maximal potential fecundity of a 
female is fixed . The actual or realized fecundity of a female and this is usually 
less than the potential fecund ity of that female th is is to a large extent a 
function of the environmental conditions in which the female is raised . The 
more favourable the conditions, the more closely will the realized fecundity 
approach the potential fecundity. Most experiments have been conducted on 
amictic monogonont, having examined the influence of temperature, food 
quantity and food type. The monogonont genus studied by most investigators 
in this regard is Brachionus. Pilarska (1972, 1977) found that the fecundity of 
both amictic and mictic females of B. rubens at 21 °C was greater on a diet of 
the alga Chlorella vulgaris than on one of the bacterium Aerobacter aerogens, 
eventhough both food types were present in the same concentration . Halbach 
(1973) and Hirayama et al. (1973) found that both temperature and 
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phytoplankton density were significantly influenced the egg production 
(fecundity) in B. calyciflorus and B. plicatilis. 
Pourriot and Rougier (1975) investigated the effects of food type and 
temperature on the fecundity and reproductive rate of B. dimidiatus and found 
that the population fed on the blue green alga Synechococcus cedrorum and 
a green alga Dunaliella salina produced similar numbers of offspring per 
female at 25°C than at either 20°C or 30°C. Reproduction in B. patulus was 
studied by Rao and Sarma (1988). They found that fecundity increased as the 
concentration of Chlorella sp. increased from 1 - 3 x 106 cells/ml. The effect of 
algal food level , type of food and temperature on the population dynamics of 
B. angularis was analyzed by Walz (1983, 1987) and found that all these 
factors have a direct effect on the fecundity of th is species. Many 
investigations on the effect of feed quality, feed quantity, and temperature 
have been conducted on B. plicatilis, because this species is widely used as a 
food for larval fish (Lubzens, 1987). Hirayama and Kusano (1972) and 
Hirayama et al. (1973) studied the effect of feed density and feed type on the 
life table parameters of B. plicatilis at different temperatures and found that 
the number of. offsprings produced per females varied with various 
temperatures even in the same feed type. Hirayama et al. (1979) and 
Hirayama and Rumengan (1993) compared the fecundity of B. plicatilis 
females cultured different algal species tested at different feed concentrations. 
This study showed that the fecundity or mechanism triggering fecundity could 
be greatly affected by feed type. The effect of feed type on fecundity is not 
known but this must involve a variety of factors such as digestibility, 
assimilability, nutritional value, toxicity of algae, physiological state of the 
individuals itself etc. Similarly, several other studies have examined the effect 
of diet, temperature and salinity on growth, life history parameters of this 
species and these stUdies revealed that all these factors significantly influence 
the life-history characteristics of this taxon (Theilacker and McMaster, 1971 ; 
Hirayama et al., 1973; Hirayama, 1985; Korstad et al., 1989; Miracle and 
Serra, 1989; Gopakumar, 1998 etc,) . 
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From the forgoing , it is clear that the chief environmental factors that 
affect the life table parameters are temperature , salinity, food quantity, food 
quality, reproductive type and genotype. Knowledge of the impact of these 
parameters on life table characteristics of rotifers is a pre-requisite before 
optimization of the mass production of potential rotifer species. Therefore, this 
study examines the impact of salinity and temperature on eleven life table 
parameters of six rotifer species and the results are presented in this chapter. 
MATERIAL AND METHODS 
A total of six rotifer species namely Brachionus angularis, B. caudatus, 
B. calyciflorus , B. plicatilis, B. murray and B. rotundiformis maintained in the 
laboratory were utilized for the experiments. B. angularis and B. caudatus 
were maintained in the laboratory by feeding them with Chlorella ellipsoidea at 
a rate of 4 x 106 cells/ml and B. calyciflorus were maintained by feeding them 
with the same alga at a rate of 8 x 106 cells/ml. The stock culture of B. 
plicatilis was maintained by feeding rotifer with Chlorococcum infusorium at a 
rate of 4 . x 106 cells/ml and the stock cultures of B. murray and B. 
rotundiformis were maintained by feeding each of them with Chaetoceros 
calcitrans and Isochrysis galbana at a rate of 2 x 106 cells/ml. Six grades of 
salinities and two temperature ranges were tested for B. plicatilis, B. murray 
and B. rotundiformis. Similarly, two grades of salinities and two temperature 
ranges were tested for B. angularis, B. caudatus and B. calyciflorus. For B. 
plica ti/is , and 8 . murray the salinity grades were 0.5 ppt, 5 ppt, 10 ppt, 15 ppt, 
25 ppt and 35 ppt whereas the same for 8 . rotundiformis were 2 ppt, 5 ppt, 10 
ppt, 15 ppt, 25 ppt and 35 ppt. likewise, for B. angu/aris, 8. caudatus and B. 
ca/yciflorus the salinity grades were 0.5 ppt and 5 ppt. The salinity levels were 
chosen according to the tolerance ranges of the rotifer species studied. Two 
temperatures such as room temperature (29 ± 1°C) and thermostat 
temperature (35 ± 1°C) were tested for all the rotifers. The feed type C. 
infusorium at the rate of 4 x 106 cells/ml was used for 8 . plicatilis w~ereas 
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Chlorella ellipsoidea at a rate of 4 x 106 cells/ml was employed for B. angularis 
and B. caudatus. Similarly, Chaetoceros calcitrans was used for B. murray 
and Isochrysis galbana for B. rotundiformis at the rate of 2 x 106 cells/ml. The 
feed type C. ellipsoidea at a rate of 8 x 106 cells/ml was employed for B. 
calyciflorus. The rotifers were acclimatized to the experimental salinity and 
temperature for one week prior to the experiments. Three ml capacity glass 
vials were used for the experiments. For reliable statistical interpretation ten 
replicates of each set o.f experiments were carried out 0.5 ml of the medium of 
the appropriate salinity was taken in each of the ten vials for one set of 
experiments. Six sets of experimental vials at room temperature and a similar 
six set of experimental vials in a thermostat at 35 ± 1°C were set up for B. 
plicatilis, B. murray and B. rotundiformis each. Thus, a total of 180 vials (6 
sal inities x 2 temperatures x 10 replicates) were set up for each species. 
Similarly, two sets of experimental vials at room temperature (28 - 30°C) and 
a similar two sets of experimental vials in the thermostat at 35 - 37°C were set 
up for B. angularis, B. caudatus and B. calyciflorus. Thus, a total of 40 vials (2 
salinities x 2 temperatures x 10 replicates) were set up for each rotifer 
species. 
Egg bearing females (single egg) were randomly selected from the 
acclimatized stock and individually micropippeted (one in each vial) into the 
vials containing the medium of the corresponding salinity and temperature to 
which the animal was acclimatized . The rotifer in each vial was observed 
every one - two hours under a dissecting microscope by pouring the content 
of each vial into an embryo cup . As soon as neonate appeared in each vial 
the mother was removed. Thereafter observations were made every two to 
eight hrs for the appearance of eggs and neonates, which were counted , 
measured and removed . The rotifers were transferred to new food daily. Data 
on 11 life table parameters were recorded namely size at birth , size at first 
egg production, maximum size, time taken from neonate till fi rst egg 
production Uuvenile period), time taken from neonate till last egg production, 
egg hatching time, total number of eggs produced (fecundity), maximum 
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number of eggs carried at one time, reproductive period, post reproductive 
period and lifespan. The mean values of ten replicates were taken. Difference 
between means for each life table parameter was analyzed by two - way 
AN OVA. 
RESULTS 
Brachionus angularis 
The mean and standard deviation of 11 life table parameters of B. 
angularis at room temperature and thermostat temperature are given in Table 
43a; the results of two-way AN OVA (F and P values only) of the life table 
parameters in relation to salinity and temperature are given in Table 43b. 
1. Size at birth : Salinity and temperature were not significant in 
determining the size at birth either independently or combindly. At room 
temperature the size at birth ranged from 68.4 ~m to 99.6 ~m at the salinity of 
0.5 ppt and from 68.0 ~m to 99.6 ~m at 5 ppt. At higher temperature it ranged 
from 85.5 ~m to 93.4~m at the salinity of 0.5 ppt and from 68.9 ~m to 
99.31 ~m at 5 ppt. 
2. Size at first egg production: Size at first egg production did not 
show any significant relationship with salinity, temperature or salinity x 
temperature interaction. At room temperature, the size ranged from 94.1 0 ~m 
to 115.52 ~m at the salinity of 0.5 ppt, and from 1 02.60 ~m to 111 .05 ~m at 5 
ppt. Similarly, at higher temperature the mean lorica sizes of 102.91 ~m and 
102.62 ~m were recorded at the salinities of 0.5 ppt and 5 ppt respectively. 
However, at higher temperature and salinity the mean lorica size at first egg 
production becomes comparatively smaller than that at room temperature. 
3. Maximum size: This variable did not show any significant difference 
with salinity or temperature or salinity x temperature interaction. At room 
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temperature, the maximum size range was 111 .15 - 128.25 ~m at the 
salinities of 0.5ppt and 5ppt. At higher temperature the size range was from 
119.7 ~m to 128.27 ~m at the salinity of 0.5 ppt and from 11 1.15 ~m to 125.75 
~m at the salinity of 5 ppt. 
4. Egg hatching time: B. angularis showed an expected decrease in 
embryonic development time with increasing temperature but the values were 
different for each salinity grade. An analysis of variance showed a highly 
significant influence of salinity (p<0.01 ), temperature (p<0.01 ) and salinity x 
temperature interaction (p<0.01 ) on embryonic development time. At room 
temperature, the fastest egg hatching time of 3.01 hrs was noted at salinity of 
0.5 ppt. Similarly, at higher temperature (35 ± 1°C), the fastest time Of 2.82 
hrs was noted at 0.5ppt. 
5. The juvenile period or growth period: The time taken from 
neonate till first egg production Ouvenile period) showed significant relation 
with salinity (p<0.01 ) alone. At room temperature, the time was shortest (0.36 
days) at the salinity of 0.5 ppt and 0.45 days (hours converted into days) at 
the salinity of 5 ppt. At higher temperature, the time showed a marginal 
reduction in the different salinities from that at room temperature. The shortest 
time of 0.49 days (hours converted to days) was noted at the salinity of 0.5 
ppt and 0.77 days at the salinity of 5 ppt. 
6. Time taken from neonate till last egg production: The duration of 
egg production showed significance at 1 % level with reference to salinity as 
well as temperature. At room temperature, the longest time of 4.94 days was 
noted at the salinity of 0.5 ppt. Similarly, at higher temperature, the maximum 
duration of 4.29 days was recorded at the salinity of 0.5 ppt. 
7. Reproductive period: It is the difference between the time taken 
from neonate till last egg production, and the time taken from neonate till first 
egg production. Reproductive period also showed significant relation with 
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salinity (p<0.01) and temperature (p<0.01) . At room temperature, the 
reproductive period was the maximum (4 .57 days) at the salinity of 0.5 ppt 
and at higher temperature it was also maximum (3.81 days) at the salinity of 
0.5 ppt. However, the reproductive span was comparatively short at higher 
temperature than at room temperature irrespective of salinity differences. 
8. Post-reproductive period: It is the difference between the 
reproductive period and the lifespan. This period was significantly influenced 
by temperature (p<0.05) only. At room temperature it was the shortest (0.14 
days) at the salinity of 5 ppt, and 0.33 days at 0.5 ppt. At the higher 
temperature also the shortest time of 0.15 days was noted at the salinity of 
5ppt and 0.25 days at 0.5 ppt. 
9. Fecundity: The total number of eggs production (fecundity) showed 
high significance in relation to salinity (p<0.01 ), temperature (p<0.01 ) and 
L salinity x temperature interaction (p<0.01). At room temperature , the 
maximum number of 24 eggs was produced at the salinity of 0.5 ppt. At higher 
temperature also maximum number of eggs was produced at the same grade 
of salinity, but the number was reduced at a higher salinity level. 
10. Maximum number of eggs carried at one time: It showed 
significant relation with salinity (p<0.01) , temperature (p<0.01) and salinity x 
temperature interaction (p<0.01) . At room temperature, the maximum number 
of five eggs was carried at the salinity of 0.5 ppt, and at higher salinity the 
number became reduced. A similar trend was also noted at the higher 
temperature. 
11. Lifespan: The lifespan showed significant relation with salinity 
(p<0.01 ), temperature (p<0.01 ) and the salinity x temperature interaction 
(p<0.01 ). At room temperature, the longest life span of 5.06 days was noted at 
the salinity of 0.5 ppt, and at higher temperature it was 4.50 days at the same 
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grade of salinity. Here also the lifespan became reduced at higher salinity 
level. 
Brachionus caudatus 
The mean and standard deviation of the 11 life-table parameters of B. 
caudatus at room temperature and thenmostat temperature are given in Table 
44a. The results of two-way ANOVA (F and P values only) of the life-table 
parameters of this species in relation to salinity and temperature are 
presented in Table 44b. 
1. Size at birth : Mean lorica size of the neonate did not show any 
significant relationship with salinity or temperature or salinity x temperature 
interaction. The largest and smallest neonates of 133.92 ~m and 133.07 ~m 
were recorded at sal inities of 0.5 ppt and 5 ppt respectively and the same at 
higher temperature were 133.73 ~m and 132.59 ~m . 
2. Size at first egg production: Salinity and temperature were not 
significant in determining the size at first egg production independently or 
combinedly. The largest size of 165.45 ~m and 165.00 ~m was noted at 
0.5ppt at room temperature and higher temperature respectively. 
3. Maximum size: The maximum size attained by the rotifer showed 
significant variation with temperature (p<0.05) only. The average maximum 
size of 172.12 ~m was recorded at the salinity of 0.5 ppt and 171 .85 ~m at 5 
ppt. At room temperature the average maximum sizes of 179.55 ~m and 
177.7 ~m were noted at the same sal inity levels. 
4. Egg hatching time: This period was found to be significantly 
affected by temperature (p<0.01 ). At room temperature, the fastest egg 
hatching time of 6 hrs was noted at the salinity of 0.5 ppt and 9 hrs at 5 ppt. 
The egg-hatching time was comparatively longer at higher salinity levels. At 
the higher temperature, the egg hatching time followed the same trend in 
206 
relation to salinity, but it was longer than the corresponding time at room 
temperature . The time taken was only 8 hrs at the salinity of 0.5 ppt followed , 
and 11 hrs at the salinity of 5 ppt. The hatching time was longer at higher 
salinity levels. 
5. Juvenile period or growth period: This period showed significant 
relationship with the salinity (p<0.05) and temperature (p<0.01 ). At room 
temperature the time was the shortest, 0.66 days (hours converted into days) 
at the salinity of 0.5 ppt and 0.79 days at 5 ppt. At higher temperature the time 
showed a marginal increase in the different salinity levels; the shortest time of 
0.74 days was noted at the sal inity 0.5 ppt and 0.87 days at 5 ppt. 
6. The time taken from neonate till last egg production: This period 
was significantly affected by sal inity (p<0.01) alone. At room temperature , the 
longest time of 3.83 days was recorded at the salinity of 0.5 ppt and 2.75 days 
at 5 ppt. At the higher temperature, the longest time of 3.37 days was noted at 
the salinity of 0.5 ppt and1 .96 days at 5 ppt. 
7. Reproductive period: At both temperatures, the reproductive period 
showed significant relationship with salinity (p<0.01 ). At room temperature, 
the reproductive period was a maximum of 3.17 days at salinity 0.5 ppt and 
1.95 days at 5 ppt. A similar trend was also observed at higher temperature, 
but the reproductive period was comparatively shorter at all the salinities. The 
longest reproductive period of 2.63 days was noted at the salinity of 0.5 ppt, 
1.09 days at 5 ppt. 
8. Post-reproductive period: This period showed significant 
relationship with salinity (p<0.01) and salinity x temperature interaction 
(p<0.01 ). The longest post reproductive period of 0.52 days was noted at the 
salinity of 0.5 ppt at room temperature. At the higher temperature, the longest 
period of 0.92 days was recorded at the sal inity of 5 ppt. 
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9. Fecundity: The total number of eggs produced by the rotifer showed 
significant relationship with temperature (p<0.01 ) and salinity x temperature 
interaction (p<0.01 ). At room temperature a maximum number of 13 eggs 
were produced at the salinity of 0.5 ppt, and seven eggs at 5 ppt. At higher 
temperature the maximum number of six eggs was produced at the salinity of 
0.5 ppt and five eggs at 5 ppt. 
10. The maximu·m number of eggs carried at one time: This variable 
showed significant relationship with salinity (p<0.01 ) alone. At the salinity of 
0.5 ppt the maximum number of three eggs was carried at one time, whereas 
in other salinity grades the number of eggs carried at one time was reduced to 
one. 
11. Lifespan: It was found to be significantly affected by temperature 
(p<0.01 ) as well as salinity (p<0.05). At room temperature the longest life 
span of 4.35 days was noted at the salinity of 0.5 ppt and 3.18 days at 5 ppt. 
At higher temperature it followed the same trend at the different salinity 
grades, but the life span was reduced at all the sal inities when compared to 
that at room temperature. The longest lifespan of 3.55 days was noted at the 
salinity of 0.5 ppt and 2.88 days at the 5 ppt. 
Brachionus ca/yciflorus 
The mean and standard deviation of 11 life-table parameters of B. 
ca/yciflorus at room temperature and thermostat temperature are given in 
Table 45a. The result of two-way ANOVA (F and P values only) of the life-
table parameters of B. ca/yciflorus in relation to sal inity and temperature are 
presented in Table 45b. 
1. Size at birth : Salinity, temperature or sal inity x temperature 
interaction was not significant in determining the size at birth of B. ca/yciflorus. 
At room temperature the largest and smallest neonates of 144.21 ~m and 
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142.50 ~m were recorded at the salinities of 0.5 ppt and 5 ppt respectively 
and the same at the higher temperature were 145.20 ~m and 144.50 ~m at 
0.5 ppt and 5 ppt respectively. 
2. Size at first egg production: It did not show any significant 
relationship with salinity, temperature or salinity x temperature interaction . 
The largest size of 188.93 ~m and 188.33 ~m was recorded at the salinity of 
0.5ppt at both the temperatures . 
3. Maximum size: The maximum size attained did not show any 
significant variation with salinity or temperature either independently or 
combindly. At the higher temperature the average maximum sizes of 262.03 
~m and 250.53 ~m were recorded at salinities of 0.5 ppt and 5 ppt 
respectively. At room temperature the maximum size of 265.05 ~m was noted 
at the salinity of 0.5 ppt. 
4. Egg hatching time: This period was found to be significantly 
affected by salinity (p<0.01 ) only. At room temperature the fastest egg 
hatching time of 2.66 hrs was noted at the salinity of 0.5 ppt and 3.7 hrs at 5 
ppt. The egg hatching time was comparatively longer at higher salinity levels. 
At the higher temperature it was followed the same trend in relation to sal inity, 
but the hatching time was faster at this temperature than the corresponding 
time at room temperature. The time taken was only 2.33 hrs at the salinity of 
0.5 ppt and 3.0 hrs at 5 ppt. 
5. Juvenile period: This period showed significant relationship with the 
sal inity (p<0.01 ). At room temperature the time was the shortest (0.325 days) 
at the salinity of 0.5 ppt and 0.45 days at 5 ppt. At the higher temperature the 
time showed a marginal reduction in the different salinities from that at room 
temperature . The shortest time of 0.38 days was noted at the salinity 0.5 ppt 
and 0.64 days at 5 ppt. 
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6. The time taken from neonate till last egg production: This period 
was significantly affected by salinity (p<0.01). At room temperature, the 
longest time of 5.33 days was recorded at the salinity of 0.5 ppt and 3.83 days 
at 5 ppt. At the higher temperature, the longest time of 4.93 days was noted at 
the salinity of 0.5 ppt and 2.83 days at 5 ppt. 
7. Reproductive period: This period showed significant relationship 
with temperature (p<0:01) and salinity (p<0.01) . At room temperature, the 
longest reproductive period of 5.0 days was noted at the salinity of 0.5 ppt and 
3.4 days at 5 ppt. At higher salinity it was comparatively shorter. A similar 
trend was also observed at higher temperature, but the period was 
comparatively short at all the salinity levels. The longest reproductive period 
of 4.55 days was recorded at the salinity of 0.5 ppt and 2.19 days at 5 ppt. 
8. Post-reproductive period: This period was significantly influenced 
by salinity (p<0.01), temperature (p<0.01) and salinity x temperature 
interaction (p<0.01) . The longest post-reproductive period of 0.4 days was 
noted at the salinity of 0.5 ppt at room temperature. At the higher temperature , 
the period was shorter than at the room temperature. 
9. Fecundity: The total number of eggs produced showed high 
Significance with salinity (p<0.01) and temperature (p<0.01) . At room 
temperature, maximum number of 34 eggs was recorded at the salinity of 0.5 
ppt and 19 eggs at 5ppt. At higher temperature maximum number of 25 eggs 
was produced at the salinity of 0.5 ppt and 8 eggs at 5 ppt. 
10. Maximum number of eggs carried at one time: It showed 
significant relationship with salinity (p<0.01) and temperature (p<0.01). At the 
salinity of 0.5 ppt the maximum number of four eggs was carried at one time 
whereas in other salinity grade the maximum number of eggs carried at one 
time was reduced to two. 
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11. Lifespan: This life table parameter was found to be significantly 
affected by (p<O.OS) temperature as well as salinity (p<0.01). At room 
temperature the longest life span of S.68 days was noted at the salinity of O.S 
ppt and 4.3S days at Sppt. The higher temperature followed the same trend in 
the different salinity grades, but the time was decreased in all the salinities 
when compared to that at room temperature. The longest lifespan of S.30 
days was recorded at the salinity of O.S ppt followed by 3.S8 days at Sppt. 
Brachionus plicatilis 
The mean and standard deviation of 11 life-table parameters of B. 
p/icatilis at room temperature and thermostat temperature are given in table 
46a and b respectively. The result of two-way ANOVA (F and P values only) 
of the life-table parameters of this rotifer in relation to salinity and temperature 
are presented in Table 46c. 
1. Size at birth : The average lorica size of neonates was significantly 
influenced by salinity (p<0.01) and temperature (p<O.OS). At room 
temperature, the largest neonate of 148.92 ~m was noted at the salinity of 
Sppt, whereas the smallest of 145.64 ~m was recorded at 35ppt. At higher 
temperature the average largest (144 . 82~m) and smallest (142 . 56~m) 
neonates were noted at the salinities of 5 ppt and 3S ppt respectively. 
2. Size at first egg production: This variable showed significant 
relationship ' with salinity (p<0.01) , temperature (p<O.01 ) and salinity x 
temperature interaction (p<O.01 ). At room temperature largest mean lorica 
size of 189.92 ~m was recorded at the salinity of S ppt and 188.67 ~m at 0.5 
ppt. At the higher temperature, the size at first egg production was the largest 
(186,44 ~m) at the salinity of O.S ppt and18S.79 ~m at 5 ppt. 
3. Maximum size: The maximum size attained by the rotifer showed 
significant relationship with salinity (P<O.01) and temperature (p<O.01) . At 
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room temperature , the average maximum size attained was 262.74 ~m at the 
salinity of 5 ppt and 261 .94 ~m at 0.5 ppt. The lowest size of 257.10 ~m was 
recorded at the salinity of 35 ppt. At higher temperature, a general decrease 
in size at all the salinity grades was noted. The average maximum size of 
256.93 ~m was observed at the salinities of 0.5 ppt and 5 ppt while the lowest 
size of 239.99 ~m was noted at 5 ppt. 
4. Egg hatching time: Temperature (p<0.01 ) and salinity (p<0.01 ) 
exhibited Significant relationship with the egg hatching time. At room 
temperature, the egg hatching time was short (3.13 hrs) at the salinity of 5 ppt I 
and 3.26 hrs at 0.5 ppt. The time increased with the increase in salinity. The 
same trend with regard to salinity was noted at the higher temperature. But 
the egg hatching time was shorter than the same at the corresponding salinity 
grades at room temperature. At thermostat temperature, the shortest egg 
hatching time of 2.77 hrs was recorded at the salinity of 5 ppt and 2.93 hrs at 
0.5 ppt. At the higher salinities also the time taken was comparatively shorter 
than their corresponding time at room temperature. 
5. Juvenile period: Temperature and salinity exhibited significant 
p<0.01 ) relationship in the time taken from neonate till first egg production. At 
room temperature, the least time of 0.54 days was noted at the salinity of 5 
ppt and 0.58 days at 0.5 ppt. The higher salinities tested showed 
proportionately longer periods for the first egg production. The higher 
temperature also exhibited the same trend with regard to salinity as was seen 
at room temperature. But the time taken was less when compared to the 
same at room temperature. The least time of 0.47 days was noted at 5 ppt 
and 0.51 days at 0.5 ppt. 
6. The time taken from neonate till last egg production: This period 
was found to be significantly affected by salinity (p<O.01 ) as well as 
temperature (p<0.01 ). However, the time taken from neonate till last egg 
production showed a marginal decrease from lower salinity levels to higher 
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salinity levels at both temperature grades. At room temperature the time taken 
from neonate till last egg production was 4.84 days at the salinity of 5 ppt and 
4.73 days at 0.5 ppt. Similarly, at the higher temperature the longest period of 
4.67 days was recorded at the salinity of 5 ppt and 4.12 days at 0.5 ppt. 
7. Reproductive period: This period was significantly affected by 
salinity (p<0.01), temperature (p<0.01) and salinity x temperature interaction 
(p<0.05) . At room temperature, the longest reproductive period of 4.29 days 
was recorded at the salinity of 5 ppt and 4.16 days at 0.5 ppt. At the higher 
salinities the reproductive periods were comparatively shorter. The same 
trend was noted at the higher temperature with regard to the salinity grades. 
At higher temperature, the longest reproductive period of 4.20 days was noted 
at the salinity of 5 ppt and 3.46 days at the salinity of 0.5 ppt. 
8. Post-reproductive period: This period was significantly influenced 
by salinity (p<0.01 ), temperature (p<0.01) and salinity x temperature 
interaction (p<0.01) . At room temperature the longest post reproductive period 
of 1.44 days was noted at the salinity of 15 ppt whereas the same at higher 
temperature was 1.95 days at 10 ppt. 
9. Fecundity: The total number of eggs produced was significantly 
more influenced by salinity x temperature interaction (p<0.01) than the 
individual variables. At room temperature, the maximum number of 18 eggs 
was produced at the salinities of 0.5 ppt and 5 ppt. The least number of five 
eggs was produced at the salinity of 35 ppt. At higher temperature, the total 
number of 16 eggs was produced at the salinity of 0.5 ppt and 14 eggs 5 ppt. 
10. Maximum number of eggs carried at one time: It was 
significantly influenced by temperature (p<0.01) and salinity x temperature 
interaction (p<0.01). A maximum of three eggs was carried at one time at the 
salinity of 5 ppt and only upto two eggs were carried at one time at the higher 
salinities at both temperatures. 
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11. Lifespan: The salinity, temperature and salinity x temperature were 
significant with regard to the lifespan. But at the higher salinities the lifespan 
was comparatively reduced at both temperature levels. At room temperature, 
the longest lifespan of 5.77 days was recorded at the salinity of 5 ppt and 5.72 
days at 0.5 ppt. Similarly, at higher temperature , the longest lifespan of 5.58 
days and 5.03 days was noted at the salinities of 5 ppt and 0.5 ppt 
respectively. 
Brachionus murray 
The mean and standard deviation of 11 life-table parameters of B. 
murray at room temperature and thermostat temperature are given in Table 
47a and 47b respectively. The result of lYIo-way ANOVA of the life-table 
parameters of this taxon in relation to salinity and temperature are presented 
in Table 47c. 
1. Size at birth : The size of neonates did not show any significant 
variation with any of the tested variables. At room temperature, largest and 
smallest neonates of 137.40 iJm and 136.11 iJm were recorded at the 
salinities of 10 ppt and 35 ppt respectively and the same at thermostat 
temperature were 137.42 iJm and 132.90 iJm at 0.5 ppt and 35 ppt 
respectively. 
2. Size at first egg production: It did not show any significant variation with 
salinity or temperature. However, at higher salinities of 25 ppt and 35 ppt, the 
size at first egg production became smaller at both temperatures. 
3. Maximum size: This variable showed significant variation with 
temperature (p<0.05). At the higher temperature the average maximum size 
of 222.98 iJm was recorded at the salinity of 10 ppt and 221 .02 iJm at 5 ppt. 
At room temperature the average largest size of 223.50 iJm was noted at the 
salinity of 10 ppt and 221 .70 iJm at 15ppt. 
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4. Egg hatching time: The egg hatching time was found to be 
significantly affected by salinity (p<0.01) , temperature (p<0.01) and salinity x 
temperature interaction (p<0.01) . At room temperature, the fastest egg 
hatching time of 2.72 hours was noted at the salinity of 10 ppt and 2.87 hours 
at 15 ppt. The egg hatching time was comparatively longer at higher salinity 
levels. At the higher temperature, the egg hatching time followed the same 
trend as that recorded for salinity, but the hatching time was shorter thari the 
corresponding time at room temperature. The time taken was 2.50 hours at 
the salinity of 10 ppt and 2.70 hrs at 15 ppt. The hatching time was longer at 
higher salinity levels. 
5. Juvenile period: The time taken from neonate till first egg 
production showed significant relationship with the salinity (p<0.05) and 
temperature (p<0.01). At room temperature, the shortest time of 0.57 days 
was noted at the salinity of 10 ppt and 0.68 days at 0.5ppt. At higher salinities 
it was comparatively higher. At the higher temperature, the shortest time of 
0.53 days was recorded at the salinity 10 ppt and 0.61 days at 5 ppt. 
6. The time taken from neonate till last egg production: This period 
was significantly affected by salinity p<0.01) and temperature (p<0.01 ). At 
room temperature, the longest time of 4.89 days was recorded at the salinity 
of 10 ppt and 4.04 days at 15 ppt. A more or less similar period was noted at 
the salinity of 5 ppt (3.87days) and at salinities above or below this range the 
time became shorter. At the higher temperature, the longest time of 4.59 days 
was noted at the salinity of 10 ppt and 3.66 days at 15 ppt. Here also, the time 
became shorter at salinities above or below this range . 
7. Reproductive period: This period showed significant relationship 
with salinity (p<0.01), temperature (p<0.01) and salinity x temperature 
interaction (p<0.01). At room temperature the maximum reproductive period of 
4.22 days was recorded at the salinity of 10 ppt and 3.4 days at 15 ppt. The 
reproductive period was comparatively shorter at higher salinities at both 
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temperatures. At thermostat temperature the longest reproductive period of 
3.87 days was noted at the salinity of 10 ppt and 3.05 days at 15 ppt. 
8. Post-reproductive period: This period was significantly influenced 
by salinity (p<0.01 ) alone. The longest post reproductive period of 0.91days 
was noted at the salinity of 25 ppt at room temperature. A similar trend was 
noted in all the salinities at the higher temperature , but the period were 
comparatively shorter than that recorded at room temperature. 
9. Fecundity: The total number of eggs produced showed high 
significance (p<0.01 ) with the salinity x temperature interaction. At room 
temperature, maximum number of 24 eggs was produced at the salinity of 10 
ppt and 22 eggs at 5 ppt. At higher temperature more or less same number of 
eggs was produced at the salinity of 10 ppt and at 5 ppt (24 and 20 eggs 
respectively) . 
10. Maximum number of eggs carried at one time: It showed 
significant relationship with sal inity (p<0.05), temperature (p<0.01 ) and salinity 
x temperature interaction (p<0.05). At the salinities of 0.5 ppt, 5 ppt and 10 ppt 
the maximum number of three eggs was carried at one time whereas in other 
salinities the maximum number of eggs carried at one time was reduced . The 
pattern was same at the higher temperature also. 
11 . Lifespan: This period was Significantly affected by temperature 
(p<0.01 ) as well as salinity (p<0.01). At room temperature, the average 
longest lifespan of 5.65 days was noted at the salinity of 10 ppt and 4.47 days 
at 15 ppt and either above or below this salinity range the lifespan was 
shorter. At higher temperature it followed the same trend at different salinity 
grades, but the time was decreased at all the salinities when compared to that 
at room temperature. The longest lifespan of 5.50 days was recorded at the 
salinity of 10 ppt and 4.21 days at 15 ppt. 
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Brachionus rotundiformis 
The mean and standard deviation of 11 life-table parameters of B. 
rofundiformis at room temperature and thermostat temperature are given are 
Tables 48a and 48b respectively. The result of t-No-way ANOVA (F and P 
values only) of the life-table parameters in relation to salinity and temperature 
are presented in Table 48c. 
1. Size atbirth: Size at first egg production was significant with salinity 
(p<0.01) and temperature (p<0.01 ). At room temperature, the largest and 
smallest neonates of 98.83 ~m and 94.50 ~m were recorded at the salinities 
of 5 ppt and 35 ppt respectively and the same at higher temperature were -
96. 68 ~m at 2 ppt and 91 .80 ~m at 35 ppt respectively. 
2. Size at first egg production: This variable did not show any 
significant variation with salinity and temperature either individually or 
combindly. At higher salinities of 25 ppt and 35 ppt, the mean size became 
smaller at both temperatures. The largest and smallest values of 118.32 ~m 
and 1 09.40 ~m were recorded at the salinities of 2 ppt and 35 ppt respectively 
and the same at thermostat temperature were 118.59 ~m and 115.30 ~m at 
10 ppt and 35 ppt respectively. 
3. Maximum size: The maximum size attained by the rotifer showed 
significant variation with temperature (p<0.05) alone. At room temperature the 
maximum size of 173.83 ~m was noted at the salinity of 15 ppt and the lowest 
size of 170.06 IJm was noted at 2 ppt. At higher temperature, the maximum 
and minimum values of 176.06 and 171 .13 were recorded at the salinities of 
15ppt and 35ppt. 
4. Egg hatching time: The egg hatching time was significantly 
influenced by temperature (p<0.01 ) as well as salinity (p<0.01 ). At room 
temperature the fastest egg hatching time of 2.84 hrs was noted at the salinity 
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of 15 ppt and 3.08 hrs at 25 ppt. The time taken above or below this salinity 
range was higher. At higher temperature, the fastest egg hatching time of 2.76 
and 2.99 was noted at 25 ppt and 10 ppt respectively. 
5. Juvenile period: The time taken from neonate till first egg 
production Ouvenile period) showed high significance with salinity (p<0.01) as 
well as temperature (p<0.01 ). At room temperature, the longest and shortest 
juvenile period of 0.98 days and 0.61 days was recorded at the salinities of 35 
ppt and 15 ppt respectively. At the higher temperature, the shortest and 
longest time of 0.45 days and 0.88 days was recorded at the salinities of 15 
ppt and 35 ppt respectively. 
6. The time taken from neonate till last egg production: This period 
was significantly affected by salinity (p<0.01 ), temperature (p<0.01) and 
salinity x temperature interaction (p<0.01 ). At room temperature the time was 
longest, 5.13 days at the salinity of 15 ppt and 3.14 days at 10 ppt. At the 
higher temperature, the time was longest, 4.37 days at the salinity of 25 ppt. 
The time became shorter at salinities above or below this range . 
7. Reproductive period: This period was significantly influenced by 
salinity (p<0.01 ) alone. At room temperature, the reproductive period was 
longest, 4.12 days at the salinity of 15 ppt and 3.34 days at 10 ppt. At higher 
salinities the reproductive period was comparatively less. At higher 
temperature, it followed the same trend at different sal inities, but the 
reproductive period was sl ightly longer for all sal inities. The longest 
reproductive period of 4.68 days was noted at the sal inity of 15 ppt and 2.44 
days at 10 ppt. 
8. Post-reproductive period: It showed significant relationship with 
salinity (p<0.01 ) and salinity x temperature interaction (p<0.01 ). At room 
temperature the longest post reproductive period of 1.35 days was noted at 
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the salinity of 15 ppt and the same noted at higher temperature was 1.15 days 
at the same salinity level. 
9. Fecundity: The total number of eggs produced showed high 
significance with salinity (p<0.01 ) and temperature (p<0.01 ). At room 
temperature, maximum number of 22 eggs was produced at the salinity of 15 
ppt and 18 eggs at 10 ppt. At the higher temperature, the maximum number 
of 15 eggs was produced at the salinity of 15 ppt and nine eggs at 10 ppt. At 
lower sal inities the egg production becomes decreased. 
10. The maximum number of eggs carrie'd at one time: This variable 
showed significant relationship with salinity (p<0.01 ). The maximum number 
of four eggs at one time was noted at the salinity of 15 ppt and at higher 
salinities the number of eggs carried at one time became reduced at both 
temperatures. 
11. Lifespan: The influence of temperature (p<0.01) as well as salinity 
(p<0.01) on lifespan is significant. At room temperature the longest lifespan of 
5.86 days was noted at the salinity of 15 ppt and 3.99 days at 25 ppt. At the 
higher temperature, it followed the same trend at the different salinity grades 
and it did not show much variation between the temperatures tested . 
DISCUSSION 
The result of the study indicate that the life-table parameters are vitally 
affected by salinity as well as temperature and th is in turn influences the 
reproductive rate and other population characteristics of the respective rotifer 
species. At the salinity of 0.5 ppt B. angularis, B. caudatus and B. calyciflorus 
attained their maximum size, shortest juvenile period , maximum reproductive 
period , least egg hatching time, maximum fecund ity, maximum number of 
eggs carried at one time and maximum lifespan and above this salin ity level 
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the life table parameters deviated from the above which resulted in a 
decrease in the fecundity, reproductive period and lifespan. Similarly, B. 
plicatilis, B. murray and B. rotundiformis attained their maximum size, shortest 
juvenile period, longest reproductive period, least egg hatching time, 
maximum fecundity, maximum number of eggs carried at one time and 
maximum lifespan were recorded at the salinities of 5 ppt, 10 ppt and 15 ppt 
respectively. Above or below this salinity almost all the life table parameters 
were declined. The present findings corroborate with the results given in the 
chapter 3. According to the reproductive potential study the best salinity for 
the highest 'r' value for each taxon was recorded at the salinities of 5 ppt, 10 
ppt and 15 ppt respectively. Thus, the results of the present study clearly 
illustrated that salinity plays a crucial role in the life-table parameters of these 
rotifers and they showed their preference to different salinity levels. The direct 
influence of salinity on the life table parameters of various rotifers both 
freshwater and halobiont rotifers were observed by a number of workers . 
Miracle and Serra (1989) found that the direct effects of salinity on life table 
parameters of a rotifer species are strongly dependent on its osmotic 
regulatory capacity, which in turn directly dependent on the species and their 
genotype. Aranovich and Spektorova (1974) noted a decrease in the growth 
rate survival and fecundity of B. calycif/orus when the salinity increases from 2 
ppt to 10 ppt, due to a decrease in fecundity and survival. Miracle et al. (1987) 
found that the reproductive rate, survival and fecundity of B. angularis 
decreased when salinity increases from 0.5 ppt to 24 ppt. Similarly, Pourriot 
and Rougier (1975) noted a decrease in reproductive rate, fecundity and 
survival rate of B. dimidiatus when salinity increased from zero ppt to 25 ppt. 
Lubzens (1 987) also found that reproductive rate, survival and other related 
life-table parameters changed with salinity. The halobiont rotifers especially B. 
plicatilis and its allied species grew well in a very broad range of salinities , but 
the optimum values were located at moderate salinities between 10 ppt 20 
ppt. Gopakumar (1 998) studied the different strains of B. plicatilis (both 'L' 
type and 'S' type) at different temperature and salinity. According to him the 
best salinities for the reproduction, growth and life-table parameters of B. 
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plicatilis 'L' type and 'S' type was at 2.5 ppt and 1 ° ppt respectively. However, 
in the present study the rotifers namely B. plicatilis, B. murray and B. 
rotundiformis showed more tolerance capacity towards lower salinity levels 
than the salinity range reported by Lubzens (1980, 1985, 1987) and 
Gopakumar (1998) . B. plicatilis recorded its best performance on the various 
life-table parameters at the salinity of 5 ppt while B. murray showed its best 
performance at the sal.inity of 10 ppt. Likewise, B. rotundiformis recorded its 
optimum values for different life-table parameters at the salinity of 15 ppt. The 
difference between the salinity ranges reported by Lubzens (1985, 1987) and 
the present study may be due to the geographical strain variation of these 
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species. Similarly, the present study also showed marginal variation with the 
findings of Gopakumar (1998) and this variation may be due to the application 
of more suitable feed types (I. galbana, C. calcitrans and C. infusorium used 
in the present study instead of C. marina, T. gracilis and yeast by Gopakumar, 
1998) for rearing rotifers since salinity, temperature and potential food 
resources are the important external factors in determining the reproductive 
output, fecundity, growth, survival and other life table parameters of rotifers. 
Temperature also plays a vital role in the determining the life table 
characteristics of rotifers. Temperature and salinity interaction was significant 
in the determination of certain life-table parameters such as fecundity , post-
reproductive period , egg hatching time and lifespan. Temperature gave a 
rather different performance for different rotifers . At the different grade of 
salinities , the room temperature gave better performance than their 
corresponding salinity grades at higher temperature. However, B. 
rotundiformis. gave a more or less the same performance at both the 
temperatures at different salinity levels. The shortest egg hatching time was 
noted at higher temperature for all the studied rotifer species. Vinberg and 
Galkovskaya (1979), Herzig (1983) , Duncan (1983) and Galkovskaya (1987) 
have demonstrated that a clear relationship between embryonic development 
and increase in temperature. The duration of the embryonic development is 
decreased with increasing temperature within their optimum range (Herzig, 
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1983). In the present study also the duration of the embryonic development 
decreased at the higher temperature and this is in agreement with the findings 
of authors cited above. Similarly, lifespan also showed a significant 
relationship with temperature. Lifespan decreased with a rise of temperature 
and the relationship again being similar to the duration of embryonic 
development and post-embryonic development. At higher temperature , the 
lifespan of B. angularis, B. caudatus, B. calyciflorus , B. plicatilis and B. murray 
was marginally reduced at all the salinity grades whereas B. rotundiformis did 
not show much variations between the tested range of temperature. A similar 
relationship between temperature and lifespan had been reported by Herzig 
(1983) in B. angularis, Galkovskaya (1987), in B. calyciflorus, Walz (1987, 
1997) in B. angularis and Keratella cochlearis and Ito et al. (1981 ) and Yufera 
(1987) in B. plicatilis and B. rotundiformis. Thus, the present study had 
revealed that the ideal temperature for the better performance of the various 
life-table parameters of B. angularis, B. caudatus, B. calyciflorus, B. plicatilis 
and B. murray is at 28 - 30°C whereas the ideal temperature range for the 
optimum performance of B. rotundiformis is at 28 - 37°C. 
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Table 43a : Mean and SO of 11 life table parameters of Brach/onus allgu!aris at 
different salinities and two temperatures 
S.N Parameters! 28-30°C 28-300 C 35-37°C -- '35-37°(: 
salinity 0.5 ppt 5 ppt 0.5 ppt 5 ppt 
Mean ± SO Mean ± SO Mean ± SO Mean ± SO 
1. Size at birth (I.Hn) 87.55 ± 2.1 87 .00 ± 4 4 87.10±3.4 86.30 ± 4.3 
2. Size at first egg 
production (~m) 102.6±10.6 103.3±8.84 1029±7.93 102.6± 6.78 
1
3 Maximum size · 124.68 ± 5.9 122.30±3.9 121.41±7.8 118.35± 4.4 
(~m) 
4. Egg hatching time 301 ± 0.Q3 4.31 ± 0.04 2.82 ± 0.32 7.07 ± 0.93 
(hrs) 
• 
5. Juvenile period 0.36 ± 0.14 0.45 ± 0.93 0.49 ± 0.02 0.77 ± 013 
(days) 
\ 6 Time taken from 4.94 ± 0.61 2.93 ± 0.55 4.29 ± 1.32 2.84 ± 0 98 
neonate ti ll last 
I egg production I (d ays) 
17 Reproductive 4.57±1 .10 2.44 ± 1.10 13.81 ± 0.37 2.07 ± 0 43 
\ period (days) 
I I I Post reproductive 
\ 8 period (days) 0.33 ± 0.25 0.14 ± 0.07 0.25 ± 0.07 0.15 ± 0.03 
9. Total number of 
eggs produced 24 ± 3 13 ± 2 10 ± 2 5±3 
110 Maximum number 
of eggs carried at 
one time 5± 1 3 ± 1 2 ± 1 1 ± 1 
11 . Lifespan (days) 506 ± 1.23 306 ± 0.97 4.50 ± 2.12 2.96 ± 1.37 
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Table 43b: Result of two-way ANOVA (F and P values only) of life table 
parameters of Brachionus angularis in relation to salinity and temperature 
S I. Parameters Temperature Salinity Temp x Salinity 
No ISource of F value P value F value P value F value P value 
variation 
-
1. Size at Birth (~m ) 0.00 1.00 0.002 0.97 0.030 0.86 
2. Size at First egg 
production (~m) 102.1 0.00" 146.7 0.00" 23.85 0.00" 
3. Maximum 0.856 0.36 3.416 0.07 4.358 0.01 " 
size(~m) 
4. Juvenile period 102.2 0.00" 146.7 0.00" 21 .19 0.00" 
(days) . 
5. Time taken from 217.1 0.00" 21 .57 0.00" 2.695 0.02 
neonate till last 
egg production 
(days) 
6. Egg hatching time 214.3 0.00" 47.44 0.00" 62 .16 0.00" 
(hrs) 
7. Total number of 254.00 0.00" 417.69 0.00" 33.79 0.00" 
eggs produced 
8. Maximum number 56.89 0.00" 98.00 0.00" 5.556 0.00" 
of eggs carried at 
one time 
249.94 0.00" 21 .57 0.00" 2.70 0.03 
9. Reproductive 
period (Days) 
10. Post reproductive 4.564 0.04 0.263 0.61 0.412 0.53 
period (days) 
11. Lifespan (days) 252.2 0.00" 13.29 0.00" 23.86 0.00" 
• p<0.05; •• p<0.01 
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Table 44a : Mean and SO of 11 li fe table parameters of Brachionus cauda/lis at 
different salinities and two temperatures 
r-SN 28-30°C 28-30°C I 35-37°C 35-37°C -Parameters! 
salinity 0.5 ppt 5 ppt 05 ppt 5 ppt 
I Mean ± SO Mean ± SO Mean ± SO Mean ± SO 
-I 
Size at birth (11m) 133.92 ± 2.9 133.07±3.6 133.73±2.9 132.59± 3.5 
\ 1 
Size at fi rst egg 165.45±2.4 163.13±0.6 165.00±2.3 159.13±1 .0 2. 
production (11m) 
I 
3. Maximum size · 179.50 ± 5.9 177.70±3.9 172.12±7.8 171 .85±4.4 
(11m) 
4. Egg hatching time 6.00 ± 1.0 9.00 ± 1.0 8.00 ± 1.0 11 .00±12 
(hrs) 
5. Juvenile period 0.66 ± 0.05 0.79 ± 0.01 074±0.03 0.87 ± 0.04 
(days) 
6. Time taken from 
neonate till last 3.83± 0.15 2.75 ± 0.03 3.37 ± 0.36 1.96 ± 0.02 
egg production 
(days) 
7. 
Reproductive 3.17±0.41 1.95 ± 0.04 2.63 ± 0.35 1.09 ± 0.20 
period (days) 
8. Post reproductive 0.52 ± 0.44 0.44 ± 0.12 0.18 ± 0.03 0.92 ± 0.30 
period (days) 
9. Total number of 13 ± 2 7±2 6±3 5 ± 1 
eggs prod uced 
1 10. Maximum number 3 ± 1 1 ± 1 2 ± 1 1 ± 0 
of eg9s carried at 
one time 
3.18 ± 0.36 13.55 ± 0 30 4.35 ± 0.09 2.88 ± 0.10 
11 . life span (days) 
I I 
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Table 44b: Result of two-way ANOVA (F and P values only) of life table 
parameters of Brachionus caudatus in relation to salinity and temperature 
S I. Parameters Temperature Salinity Temp x Salinity 
No ISource of F value P value F value P value F value P value 
variation 
1. Size at Birth (~m) 0.038 0.85 0.334 0.58 0.009 0.94 
2. Size at fi rst egg 
production (~m) 2.638 0.14 9.338 0.02 1.875 0.21 
3. Maximum 
size(~m) 4.529 0.05 0.116 0.74 0.064 0.81 
4. Juvenile period 
(days) 15.293 0.00·· 44'.80 0.00·· 0.042 0.84 
5. Time taken from 
neonate till last 
egg production 8.234 0.02 33.29 0.00·· 0.595 0.46 
(days) 
6. Egg hatching time 12.00 0.01·· 41 .54 0.00·· 0.566 0.47 
(hrs) 
7. Total number of 16.06 0.00·· 3.586 0.09 5.625 0.00·· 
eggs produced 
8. Maximum number 
of eggs carried at 4.50 0.01·· 27.06 0.00·· 0.00 1,00 
one time 
9. Reproductive 10.57 0.00·· 60.53 0,00·· 2.72 0.14 
period (days) 
10. Post reproductive 0.161 0.69 24.50 0.00·' 4.50 0.00· ' 
period (days) 
11 . Lifespan (days) 12.96 0.00·· 36.00 0.00·· 2.61 0.15 
• p<0.05; •• p<0,01 
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Table 45a : Mean and SO of 11 life table parameters of Brachianus calyciflarus at 
different salinities and two temperatures 
S.N Parametersl 28-30°C 28-30°C 35-37°C 35-37°C 
salinity 0.5 ppt 5 ppt 0.5 ppt 5 ppt 
Mean + SO Mean + SO Mean + SO Mean ± SO 
1. Size at birth ( ~m) 144.21 ± 9.7 142.5 ± 7.9 145.2 ± 6.5 144.5 ± 9.4 
12 Size at first egg 18893±5.4 187 .84±8.8 188.33±7.9 185.38± 6.7 production ( ~m) 
3. Maximum size ' 265 .05 ± 5.9 262 .31±3.9 262.03±7.8 250 .53± 4.4 
( ~ m) 
4. Egg hatching time 2.66 ± 0.03 3.71 ± 0.04 2.33 ± 0.32 3.0 ± 0.93 
(hrs) 
5. Juvenile period 0.33 ± 0.14 0.45 ± 0'.43 0.38 ± 0.02 0.64 ± 0.23 
(days) 
6. Time taken from 
neonate till last 5.33 ± 0.61 3.83 ± 0.51 4.93 ± 0.32 2.83 ± 0.78 
egg production I (days) 
3.3" 0.10 1,.55 "37 7. Reproductive 5.00± 0.40 2.19 ± 0.33 
period (days) 
8. Post reproductive 0.68 ± 0.25 0.96 ± 0.07 0.37 ± 0.Q2 1.39 ± 0.03 
period (days) 
9. Total number of 34 ± 2 19 ± 1 25 ± 2 8±2 
eggs produced 
10. Maximum number 4 ± 1 2 ± 1 3 ± 1 1 ± 1 
I 
of eggs carried at 
one time 
11 . Life span (days) 5.68 ± 1.4 4.35 ± 0.95 5.30±1 .12 3.58 ± 1.2 
-.I 
227 
Table 45b: Result of two-way ANOVA (F and P values only) of life table 
parameters of Brachionus ca/yciflorus in relation to sal inity and temperature 
S I. Parameters Temperature Salinity Temp x Salinity 
No ISource of F value P value F value P value F value P value 
variation 
1. Size at Birth (~m) 0.074 0.79 0.107 0.75 0.012 0.91 
2. Size at first egg 
production (~m) 6.407 0.04 3.775 0.09 1.26 0.29 
3. Maximum 3.05 0.12 3.561 0.01-- 1.282 0.29 
s ize(~m ) 
4. Juvenile period 10.83 0.01 " 29 .. 36 0.01 " 3.65 0.09 
(days) 
5. Time taken from 
neonate ti ll last 8.554 0.01 " 55.14 0.00" 1.55 0.25 
egg production 
(days) 
6. Egg hatching time 0.60 0.46 1.67 0.23 0.67 0.80 
(hrs) 
7. Total number of 90.76 0.00" 229.5 0.01 " 0.220 0.65 
eggs produced 
8. Maximum number 12.25 0.00" 42.25 0.00" 0.250 0.63 
of eggs carried at 
one time 
9. Reproductive 13.97 0.01 " 81 .64 0.00" 2.832 0.13 
period (days) 
10. Post reproductive 279.5 0.00" 263.05 0.00" 73.39 0.00" 
period (days) 
11 . Lifespan (days) 252.7 0.00" 13.39 0.01 " 7.225 0.00" 
- p<0.05; " p<0.01 
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Table 46a : Mean and SO of 11 life table parameters of B. p/icati/is at different 
salinities at room temperature (28-30°C) 
---
0.5ppt 5 ppt 
I SL Parameters/ Mean ± Mean ± 
I No: salinity SO SO 
11 Size at 148.69 14892 
birth(lJm) ± 3.91 ±0.21 
2. Size at first 188.67 189.92 
egg ±3.28 ±2.15 
production 
(lJm) 
3. Maximum 261 .94 262 .74 
size(lJm) ±2.91 ±3.79 
4. Juvenile 0.583 0.54 
period(days) ±0.01 ±0.02 
- -
5. Egg 3.26 3.13 
hatching ±003 ±0.02 
time(days) 
6. Time taken 
from 
neonate till 4.73 4.84 
last egg ±003 ±006 
production 
(days) 
7. Reproductiv 4.16 4.29 
e period ±0.03 ±0.06 
(days) 
8. Post 
reproductive 0.98 0.94 
I period(days) ±0.05 ±0.04 
9. Total 
number of 18±3 18±2 
eggs 
produced 
10. Maximum 
number of 
eggs carried 2 ± 1 3±1 
at one time 
11 . Lifespan 5.72 5.77 
(days) ±0.06 ±0.11 
35 PPt -1 10 ppt 15 ppt 25 ppt 
Mean ± Mean ± Mean ± Mean ± 
SO SO SO SO 
- .-
146.46 146.31 146.06 145.64 
±0.65 ±1 .19 ±1 .69 ±0.85 
186.87 186.74 186.03 186.11 -
±0.33 ±1 .48 ±1 .97 ±0.48 
259.8 258 .83 257.47 257 .10 
±5.62 ±7.39 ±7 .99 ±9.62 
0.66 0.84 0.98 1.25 
-$9.02 • ±0.02 ±0.08 ±O 03 
3.48 
±0.05 
4.62 
±0.19 
4.11 
±0.19 
0.89 
±0.10 
13±2 
2±1 
5.52 
±0.02 
-
3.96 3.99 4.29 
±O 07 ±0.22 ±0.06 
3.83 3.302 3.19 
±0.10 ±0.23 ±O 15 
3.23 2.47 2.233 
±0.11 ±0.23 ±0.202 
1.44 0.87 0.74 J ±0.09 ±0.23 ±0.22 
8±1 6±2 5±1 
I 
2±1 1±1 1±0 
4 1T -5.27 389 
±O.O2 ±O.O4 ±0.18 
ri:~~ 
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Table 46b.: Mean and SO of 11 life table parameters of B. plicatilis at different 
salinities at thermostat temperature (35-37°C) 
.-- I 
I SN 0.5ppt 5 ppt 10 ppt 15 ppt 25 ppt 35 ppt Parametersl Mean ± Mean ± Mean ± Mean ± Mean ± Mean ± I 
salinity SO SO SO SO SO SO a 
~ --Size at 144.78 144.82 143.91 143.17 142.83 142.56 
b irth(~m) + 2.39 +1 .69 ±2.0 ±3.57 ±3.45 +1 .87 
-
2 Size at first 186.44 185.79 185.34 182.57 181 .06 180.34 
egg ±3.72 ±0.32 ±1 .68 ±1 .71 ±3.94 ±1 11 I 
production 
( ~m ) 
3. Maximum 256.93 256.93 253.54 248.92 247 .83 239.99 
size(l.lm) ±9.63 ±9.51 ±10.32 ±10.28 ±10.34 ±5.72 
4. Juvenile 0.51 0.47 0.60 0.70 0.76 0.99 
I?eriod (d~)~s) ±0.03 ±0.02 ±0.02 ±0.01 ±003 ±003 
--- --
'3.37 - --5. Egg 2.93 2.77 3.01 3.57 3.85 
hatching ±0.17 ±009 ±0.09 ±0.05 ±0.07 ±0.03 
time(days) 
1
6 Time taken 
from 
neonate till 4.12 4.67 2.81 2.83 2.72 2.55 
last egg ±0.09 ±0.06 ±0.16 ±0.04 ±0.11 ±0.07 
production 
(days) 
7. Reproductiv 3.46 4.2 2.11 1.71 1.96 1.56 
e period ±009 ±0.07 ±0.17 ±0.07 ±0.19 ±0.07 
(days) 
--
8. Post 
I reproductive 0.91 0.913 1.05 0.526 0 52 0.63 ~ period(days) +0.10 ±0.06 i009 +0 03 +0 .14 ±0.08 9. Total 
number of 16±2 14±1 10±3 7±1 5±1 4±1 
eggs 
produced 
10. Maximum 
number of 
eggs carried 3±1 2±1 1±1 1±1 1±1 1±0 
at one time 
11 . Lifespan 5.03 5.58 3.92 3.35 3.29 3 182 
(days) ±O.O4 ±O.O2 ±0.02 ±O.O3 ±OO6 ±O.06 
-
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Table 46c: Result of two-way ANOVA (F and P values only) of life table 
parameters of Brachionus plicatilis in relation to salinity and temperature 
SI. Parameters Temperature Salinity Temp x Salinity 
No {Source of F value P value F value P value F value P value 
variation 
1. Size at Birth (~m) 4.56 0.00" 67.12 0.00" 0.238 0.95 
Size at First egg 
2. production (~m ) 15.01 0.00" 120.26 0.00" 5.99 0.00" 
3. Maximum 
size (~m ) 9.58 0.00" 23.56 0.00" 0.333 0.89 
4. Juvenile period 
(days) 401 .221 0.00" 865.85 0.00" 21 .19 0.00" 
5. Time taken from 
neonate till last 
egg production 1787.6 0.00" 520.9 0.00" 118.9 0.00" 
(days) 
6. Egg hatching time 603.72 0.00" 855.83 0.00" 3.169 0.10 
(hrs) 
7. Total number of 263.84 0.00" 76.52 0.00" 8.18 0.00" 
eggs produced 
8. Maximum number 23.84 0.00" 4.69 0.00" 1.72 0.09 
of eggs carried at 
one time 
60.12 0.00" 1281.4 0.00" 3.536 0.05' 
9. Reproductive 
period (Days) 
9.856 0.02' 52.71 0.00" 18.08 0.00" 
10. Post reproductive 
period (days) 
212.6 0.00" 4305.9 0.00" 67.07 0.00" 
11 . Life span (days) 
• p<0.05; •• p<0.01 
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Table 47a. Mean and SO of 11 life table parameters of B. murray at different 
salinities at room temperature (28-30°C) 
- - -
0.5 ppt 5 ppt 10 ppt 15 ppt 25 ppt 35ppt 
SL Parameters! Mean Mean Mean Mean Mean Mean 
No' salinity ± SO ±SO ±SO ±SO ±SO ±SO 
h Size at birth 137.06 137.33 137.40 136.72 136.70 136.11 
1--J m ± 4.6 ±5.2 ±2.1 ±2.9 ±29 ±22 
12 Size at firs t 171 .70 172.80 172.80 172.70 172.30 171 20 
egg ±2.8 ±3.8 ±1 .8 ±3.3 ±2 .2 ±1 8 
I production 
I (~m) 
-
13. Maximum size 221 .04 221 .60 223.5 221 .7 220.9 2194 
14 
(IJm) ±2.2 ~~~~2 .6 _ ±3.2 ±4.3 ±5.4 
---- -
Juvenile 0.68 0.69 0.57 0.69 0.97 1.09 
period (days) ±0.18 ±0.60 ±0.01. ±0.01 ±0.02 ±005 
5. Egg hatching 3.72 3.87 2.72 2.87 2.89 3.12 
time (days) ±002 ±0.24 ±0.01 ±0.03 ±0.09 ±O 11 
I -
1
6 Time taken 
from neonate 
I till last egg 3.7 3.87 4.89 4.04 3.24 281 production ±0.14 ±0.18 ±0.38 ±0.19 ±0.29 ±0.42 
(days) 
7. Reproductive 3.09 3.23 4.22 3.4±0.2 2.06 1.9±0. 
period (days) ±0.34 ±0.24 ±0.32 1 ±0.38 53 
1 8. Post 
1 
reproductive 0.39 0.43 0.91 0.44 0.59 0.49 
period (days) +0.27 +0.26 ±0.43 +0.16 +0.32 ±0.34 
I 
1
9
. 
Total number 5~1_ J of eggs 20±1 22±2 24±2 16±1 8±1 I produced 
1
10 Ma ximum 
number of 
eggs carried 3 ± 1 3±1 3±1 2±1 1±1 1±0 
I at one time 
11 . Lifespan 4.12 4.31 5.65 4.47 3.62 3.37 
L (days) ±0.15 ±0.24 ±0.27 ±0.13 ±0.11 ±0.36 
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Table 47b,: Mean and SO of 11 life table parameters of B murray at different 
salinities at thermostat temperatu re (35-37°C) 
, 
-- 0.5 ppt--'5ppt I SN Parameters! Mean Mean 
lO salinity ± SO ±SO 
1. Size at birth 137.42 136.7 
I lI!m) + 2.9 +3 .1 , 
2. Size at fi rst 171 .20 171 .7 
egg ±1 .84 ±2.4 
~ production (IJm) Maximum 220.25 221 .02 size (IJm) ±3.3 ±2.22 
4. Juvenile 0.63 0.61 
period ±0.03 ±0.20 
(days) 
5. Egg 2.93 2.88 
hatching ±0.11 ±0.11 
\ 6 
time (days) 
-
Time taken 
from 
I neonate till 3,24 3.13 last egg ±0.29 ±0.18 
~. production (days) Reproductiv 2.6 2.57 
e period ±0.29 ±0.38 
(days) 
r Post reproductive 0.34 0.23 
I period days) +0.28 ±0.24 
9. Total 
number of 18±2 20±1 
eggs 
1-.- e.!:oduced 
10. Maximum 
number of 
eggs carried 3 ± 1 3±1 
at one time 
11 . Lifespan 3.61 3.34 
(days) ±O.15 ±O.10 
10ppt 15ppt 
Mean Mean 
±SO ±SD 
136.95 137.1 
±2.9 ±3.3 
172.09 171 .96 
±22 ±25 
222.98 220 .54 
±2.4 ±7.5 
0.53 0.68 
±0.2 ±0.03 
. 
2.5 2.7 
±006 ±0.07 
-
-
4.59 3.66 
±0.42 ±0.47 
3.87 3.05 
±0.49 ±0.52 
0.92 0.52 
±0.47 ±0.39 
24±1 13±2 
3±1 2±1 
5.5 4.21 
±O.25 ±O.13 
-
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25ppt 
Mean 
±SD 
136.51 
+3.14 
171 .04 
±2.8 
219 .25 
±3.93 
0.89 
±0.03 
2.84 
±0.02 
307 
±0.23 
219 
±0.28 
0.37 
±0.24 
8±2 
1±1 
3.33 
±O.36 
r . -35ppt 
Mean 
±SD 
-
132.9 
I 
I· 
I 
±39 
171 0 1 I 
±2.97 I 
210.9 -1 
±6.73 
0.98 
±0.01 
2.97 
±0.01 
2.81 
±0.41 
1 99 
±0.53 
I- -
042 
±O.32 
4±1 j 
1±O 
3.24 
±O.32 
Table 47c: Result of two-way ANOVA (F and P values only) of life table 
parameters of Brachionus murray in relation to salinity and temperature 
SI. Parameters Temperature Salinity Temp x Salinity 
No ISource of F value P value F value P value F value P value 
variation 
1. Size at Birth (IJm) 1.248 0.29 1.236 0.27 1.131 0.35 
2. Size at first egg 
production (IJm) 2.638 0.37 9.338 0.89 1.154 0.34 
3. Maximum 7.69 0.00" 8.104 0.05' 2.44 0.04 
size(lJm) 
4. Juvenile period 206.8 0.00" 34.01 0.00" 1.907 0.01 
(days) . 
5. Time taken from 
neonate till last 77.52 0.00" 21 .08 0.00" 3.34 0.08 
egg production 
(days) 
6. 
Egg hatching time 92.78 0.00" 13.708 0.00" 4.79 0.00" 
(hrs) 
7. Total number of 
eggs produced 417.7 0.00" 15.04 0.00" 3.91 0.03' 
8. Maximum number 
of eggs carried at 8.33 0.05' 50A 0.00" 3.58 0.05' 
one time 
9. Reproductive 103.8 0.00" 468A2 0.00" 135.35 0.00" 
period (Days) 
10. Post reproductive 7.843 0.00" 0.134 0.72 0.667 0.65 
period (days) 
11 . Life span (days) 545.7 0.00" 161 .15 0.00" 24.27 0.00" 
• p<0.05; ., p<0.01 
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Table 48a : Mean and SO of 11 life table parameters of B. rotundiformis at different 
salinities at room temperature (28-30°C) 
2ppt 5 ppt 10 ppt 15ppt 25ppt 35ppt 
SL Parameters/ Mean ± Mean ± Mean ± Mean ± Mean ± Mean ± 
No: salinity SO SO SO SO SO SO 
1. Size at 98.83 98.83 97 .80 96.73 97 .33 94.50 
birth(~m) ±9.57 ±7.57 ±9.7 ±7.90 ±6.93 ±6.71 
2. Size at first 118.32 118.12 117.51 117.32 116.98 109.4 
egg ±10.94 ±9.48 ±10.3 ±10.4 ±9.34 ±9.83 
production 
(~m) 
3. Maximum 17006 172.70 172.83 173.83 171 .83 171 .32 
s ize(~m ) ±6.08 +6 .23 ±3.23 ±4.73 ±4.98 ±4.88 
4. Juvenile 0.93 0.92 0.87 0.61 0.83 0.98 
period(days) ±003 ±0.04 ±0.12 +0.05 +0.08 +0.03 
5. Egg 3.73 3.28 3.76 
• 
2.84 3.08 3.89 
hatching ±0.51 ±0.16 ±0.27 :1:0.11 ±0.11 ±0.51 
time(days) 
Time taken 
from 
6. neonate till 2.98 3.01 3.14 5.13 303 2.78 
last egg ±0.13 ±0.18 ±0.51 ±0.16 ±0.27 ±0.27 
production 
(days) 
-
7. Reproductiv 2.05 2.18 3.34 4.12 3.93 3.38 
e period ±0.41 ±0.43 ±0.44 ±0.14 ±0.43 ±0.18 
(days) 
8. Post 
reproductive 0.27 0.47 0.65 1.35 0.06 0.60 
period(days) ±0.11 ±0.33 ±0.13 ±0.72 ±0.12 ±0.13 
9. Total 
number of 10±2 12±3 18±2 22±3 16±3 10±2 
eggs 
produced 
10. Maximum 
number of 
eggs carried 2±1 2±1 2±2 4±1 2±2 2±1 
at one time 
~~ ~ifespan ---3.25 3.48 3.52 5.68 3.99 3.98 
(days) ±0.50 ±0.60 ±0.71 ±O 35 ±0.46 ±0.7S 
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Table 48b : Mean and SO of 11 life table parameters of B. rotundiformls at different 
salinities at thermostat temperature (35-37°C) 
2ppt 5ppt 10ppt 15ppt 25ppt 35ppt 
SL Parameters! Mean ± Mean ± Mean ± Mean ± Mean ± Mean ± 
No: salinity SO SO SO SO SO SO 
1. Size at 96.68 96.54 95.4 96.33 94.3 91 .80 
birth(\Jm) ±6.28 ±7.67 ±6.71 +5.71 ±8.28 ±6.95 
2. Size at first 118.41 118.59 11 8.59 117.80 116.41 115.3 
egg ±9.68 ±9.69 ±9.28 ±9.43 ±9.69 ±4.38 
production 
(~m) 
3. Maximum 174.91 173.31 171 .94 17606 172.08 171 .13 
size(~m) ±4.4 ±6.4 ±5.4 ±9.43 ±4.4 ±6.9 
4. Juvenile 0.83 0.77 0.67 0.45 0.68 0.88 
period(days) ±0.08 ±0.67 ±0.08 ±0.05 ±0.08 ±0.03 
5. Egg 2.98 3.01 2.99 3.00 2.76 3.22 
hatching ±0.03 ±0.02 ±002 • ±0.03 ±0.02 ±0.01 
time(days) 
6. Time taken 
from 3.01 3.28 3.35 4.23 4.37 2.12 
I 
neonate ti ll ±0.41 ±0.28 ±0.22 ±0.28 ±0.39 ±0.24 
last egg 
production 
7. 
~'ys) 
Reproductiv 2.18 2.61 2.44 468 2.44 '1 .24 
e period ±0.11 ±0.14 ±0.71 ±0.63 ±0.23 ±0.33 
(days) 
8. Post 0.11 0.28 0.63 1.15 0.66 1.16 
reproductive ±0.12 ±0.11 ±006 ±0.70 ±0.12 ±0.09 
period(days) 
9. Total 
number of 7±1 7±1 9±1 15±2 6±2 5±1 
eggs 
produced 
110 Maximum 
I number of 1±0 1±1 2±1 3±1 2±1 1±1 
eggs ca rried 
at one time 
11 . Lifespan 3.25 3.48 3.42 5.67 3.93 2.28 
(days) ±0.18 ±0.44 ±0.43 ±O.38 ±O.32 ±O.43 
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Table 48c: Result of wo-way ANOVA (F and P values only) of life table 
parameters of Brachionus rotundiformis in relation to salinity and temperature 
SI. Parameters Temperature Salinity Temp x Salinity 
No {Source of F value P value F value P value F value P value 
variation 
1. Size at Birth (~m) 19.80 0.00" 33.79 0.000" 1.34 0.98 
2. Size at first egg 1.349 0.72 4.731 0.050 1. 54 0.34 
production (~m) 
3. Maximum 23.14 0.00" 0.00 1.00 1.31 048 
size(~m ) 
4. Juvenile period 58.55 0.00" 47.72 0.000" 3.27 0.03' 
. (days) 
5. Time taken from 
neonate till last 24.27 0.00" 34.01 0.000" 345 0.04' 
egg production 
(days) 
6. Egg hatching time 4.93 0.04' 5.72 0.001 1.131 0.10 
(hrs) 
7. Total number of 1408 0.00" 7243 0.000" 048 0.83 
eggs produced 
8. Maximum number 
of eggs carried at 104 0.45 5.67 0.05' 0.72 0.62 
one time 
9. Reproductive 
period (Days) 44.71 0.00" 24.63 0.00" 0.56 0.79 
10. Post reproductive 
period (days) 0.94 0.98 2145 0.00" 3.72 0.00" 
11 . Lifespan (days) 36.09 0.00" 240.7 0.00" 073 043 
• p< 0.05; •• p<0.01 
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PLATE 3 
Brachionus angularis Brachionus caudatus 
Brachionus calyciflorus 
Brachionus murray 
PLATE 4 
• 
(S type) Brachionus murray with scalloped 
pectoral margin 
Brachionus plicatilis (L type) 
Brachionus rotundiformis 
(ss type) 
PLATE 5 
B. rotundiformis 
(with elevated lateral pectoral margin) 
Brachionus rotundiformis 
PLATE 6 
Microalgae stock culture 
Microalgae mass culture (indoor culture) 
PLATE 7 
Figs.1&6: A view of B. murray mass culture (5 x & 10 x) 
Figs. 2&3: A view of Brachionus plicatilis mass culture (5 x & 10 x) 
Figs.4&5: A view of B. rotundiformis mass culture (10 x & 5 x) 
Fig. 7: A view of B. caudatus mass culture ( 10 x) 
Fig. 8: A view of B. angularis mass culture (10 x) 
PLATE 7 
2 6 
4 8 
EVALUATION OF ROTIFERS OF 
DIFFERENT SIZE GROUPS FOR 
FINFISH LARVICUL TURE 
INTRODUCTION 
Feed is one of the key factors essential to the success of aquatic animal 
culture. It directly affects survival and development of larvae. Because live feeds 
have all the advantages such as not contaminating the culture water, easy 
digestion and assimilation, promoting high growth rates and having a higher 
nutritional value than other feeds, their culture is the principal means of 
promoting food for larvae. Furthermore, as aquaculture has progressed, the 
scope for culture of marine and freshwater finfish :md shellfish larvae and their 
feeds have vastly expanded and become more important. Research into the 
development and culture of food organisms must be expanded rapidly to satisfy 
the growing demands of larviculture. 
Nutrient requirements of all animals vary throughout their life-cycle. The 
changes that occur in the morphology and physiology of animals between 
hatching and maturity lead to a number of important variations in feeding and 
nutritional requirements through the larval , fingerling and adult stage. The initial 
nourishment to the developing fish larva is obtained from the egg yolk. When the 
yolk reserve has been completely utilized the larval feeding capabilities are 
developed and hence at this stage their survival is entirely dependent on the 
availability and quality of food in sufficient quantities. Hence, the transition from 
an endogenous to an exogenous food supply, which marks the onset of the larval 
stage, is one of the most critical phases of the life cycle and is the period when 
much of the mortality occurs in the hatchery. The newly hatched larvae of only a 
few species of fish carry big yolksacs, which provide enough endogenous food 
for the first weeks of their development. After this period the larvae are already 
sufficiently developed and of a size to accept formulated feeds readily. Most of 
the marine fish larvae and freshwater ornamental fish larvae are usually small at 
hatching time (Theilacker and Dorsey, 1980; Lim and Wong, 1997), and except 
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for a few species, their size ranges between 2 mm and 7mm. These larvae have 
very limited yolk reserves and have to resort to exogenous feeding eventhough 
they have small mouth and primitive digestive system. Therefore, the food 
offered to them must meet their nutritional requirements for optimization of 
survival and growth. Thus, nutrition at this early stage is very critical and an 
artificial feed catering to the nutritional requirements at this stage of the larvae is 
yet to be formulated and hence live food organisms are still used as a successful 
diet for the developing larvae in the larviculture industry . 
• 
Among the live feeds, rotifers are considered to be an excellent food 
source for newly hatched fish larvae because of its small size, relatively slow 
motility, high caloric value and the possibility of artificially manipulating its 
nutritional qualities. Since its initial application as a live food organism for the 
larval red seabream (Pagrus major') , the haline rotifer Brachionus plicatilis has 
become a widely used food organism in the larval culture of over sixty marine fish 
and eighteen crustacean species throughout the world (Fujita, 1979; Lubzens et 
al., 1989). This rotifer, once considered as a pest in Japanese eel culture ponds 
(Hirata, 1979, 1980), is now indispensable in raising fish larvae of several marine 
and freshwater species of economic value such as grey mullet (Mugi/ cephalus) , 
sole (Solea solea) , gilthead seabream (Sparus aurata) , European sea bass 
(Dicentrarchus labrax) , Asian seabass (Lates calcarifer') , turbot (Scophthalmus 
maxim us) , flounder (Paralichthys olivaceus) , milkfish (Chanos chanos) , groupers 
(Epinephelus striatus, E. tauvina, E. suillus) , mahimahi (Coryphaena hippurus) , 
black porgy (Acanthopagius schlegelt) , pacific halibut (Hippoglossus stenolepis) , 
cod (Gadus morhua), red porgy (Pagrus pagrus) , ayu (Plecoglossus altivelis) , 
yellow tail snapper (Ocyurus chrysurus) , cyprinids (Cyprinus carpio)and marine 
ornamental fish such as clown fish , Amphiprion chrysogaster (= sebae) etc., 
(Nash et al., 1974; Grin, 1975; Hussain and Hiquchi , 1980; Juario et al. , 1984; 
Witt et al., 1984; Tandler and Helps, 1985; Fukusho et al., 1985; Dendrinos and 
Thorpe, 1987; Villegas, 1990; Tamaru et al., 1991 ; Parazo et al., 1991; Kraul , 
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1993; lim , 1993; liu et a/., 1993; Barlow et a/., 1993; Tucker, 1994; Leu, 1997; 
Kol ios et a/., 1997; Turano et aI. , 2000; Nikos et a/., 2000; Gopakumar et a/., 
2000). 
However, the potential application of rotifers in freshwater finfish 
larviculture has not been fully exploited , and so far it was restricted to only a few 
freshwater food fish species and ornamental fish species such as sunshine bass 
(Morone chrysops), striped bass (M. saxatilis) , Dwarf gourami (Colisa /alia ) , 
Brown discus, Symphysodon aequifasciata axe/rocti and three spotted gourami 
(Trichogaster trichopterus) (Snow et a/. , 1980; Awaiss, 1991 ; Awaiss et a/., 1992 ; 
Ludwig , 1994, 2000; lim and Wong , 1997; Gopakumar, 1998). 
lim and Wong (1996) reported that due to lack of small sized 
zooplankters, the breeding of the freshwater fish to-date has been restricted to 
species with relatively large larvae/ fry from most of the aquacutlurally advanced 
nations. The common live larval food used in commercial larviculture of 
freshwater fish is limited mainly to macro-zooplankton such as Moina, Daphnia 
and Artemia nauplii. Fish larvae with a mouth size too small to ingest these at 
initial feeding are either not reared successfully or have to be fed inert food such 
as milk powder, egg yolk and powder feeds or on induced plankton blooms. 
Lubzens et a/. (1989) listed five requirements of rotifers as a starter food 
for the optimization of growth and survival of fish larvae. They are; a) the size; b) 
the distribution and concentration of rotifers in the larval tanks; c) the total 
amount available; d) digestibility and absorption ; and e) nutritional quality. The 
size of the prey eaten by the fish larvae is a function of the larval width of the 
mouth. Within a fish species, mouth width is related to length , but it varies greatly 
between species (Beyer, 1980; Hunter, 1980; Hunter and Kimbrell , 1980). 
Although mouth width limits the maximum prey size, in nature the mean diameter 
of the prey" consumed by fish larvae was only 38% of their mouth width (Hunter, 
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1980). Fish larvae tend to increase both quantity and size range of the particles 
upon which they feed throughout their ontogeny. The increase in the number of 
food items ingested daily by fish larvae is an exponential function of larval age 
(Lasker et a/., 1970; Stepiens, 1976; Hunter, 1980; Hunter and Kimbrell , 1980) or 
length (Okauchi et a/., 1980; Barahona-Fernades and Conan, 1981 ; Minkoff, 
1987). Beyer and Laurence (1981) concluded that as larvae reach certa in sizes, 
the energetic cost of each attack on prey exceeds the gain from ingesting smaller 
food particles. This size depends upon the larva's metabolic requirements, which 
are imposed both genetically and environmentally. The effect of age of gilthead 
• 
sea bream larvae (Sparus aurata) on their preference for rotifer strains of different 
sizes was examined in the laboratory (Helps, 1982). In this study, larvae showed 
a clear age effect on their feeding preference of different size rotifers. Young 
larvae, upto 85 hours after hatching, preferred small rotifers (30 - 70 J.lm) and 
avoided feed ing on large rotifers (90 -100 J.lm), while in older larvae (160 hrs) the 
pattern was reversed. Concomitant to the increase in feeding rates, the growing 
larvae tend to require larger food particles. This factor had led to the use of 
different rotifer strain sizes in rearing of fish larvae and they allow different larval 
stages to select prey of the most effective size (Fukusho, 1983; Korunuma and 
Fukusho, 1987; Minkoff, 1987). 
The distribution of rotifers in the water column of larval tanks depends 
mainly on the salinity of the rearing medium. Exposing rotifers to sudden 
changes in salinity will result in their adhesion to the bottom or sides of 
containers (Gatesoupe and Luquet, 1981), making them unavailable to the 
larvae. Other factors affecting the distribution of rotifers are oxygen and ammonia 
levels which affect the swimming speed (Epp and Winston, 1978; Snell et a/., 
1987) and the type of food offered to rotifers. 
The nutrition of fish larvae depends primarily on the probability of 
encounter between the food and the larvae as well as its suitability in terms of 
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size and nutrient composition (Fukusho and Okauchi, 1982; Fukusho et al., 1985; 
Hagiwara et al. , 1996). The probability of encounter between the larvae and the 
rotifer depends on concentration (Hunter, 1980; Theilacker and Dorsey, 1980). 
The optimal food concentration depends on the life stage and temperature. First 
feeding larvae have relatively slow swimming speeds (Fukuhara, 1983) and low 
capture success at on~et of feeding (2 - 10%) (Hunter, 1980), so they may 
require a high rotifer concentration . Upto a rotifer concentration of 10/ml , a direct 
relationship between survival, growth and food concentration was shown in 
gilthead seabream (Sparus aurata) and in bream, (Archosargus rhomboidalis) 
and beyond this concentration , a sharp drop in both survival and growth of the 
larvae was observed (Tandler and Sherman, 1981 ; Peguin , 1984; Dowd and 
Houde, 1980). The negative effect of elevated rotifer concentrations on growth of 
fish larvae was associated with reduced efficiency of the digestive process at 
high rotifer concentrations (Tandler and Mason, 1984; Boehlert and Yoklavich , 
1984). The larval density in the culture tanks also affects the growth of the larvae 
(Okamoto, 1969; Chona et al., 1998). Larvae depend primarily on vision to find 
their food , as a result of the pure cone retina found in the majority of fish larvae 
(Blaxter and Staines, 1970; Blaxter, 1975). Photoperiod , light intensity and color 
of background of rearing containers are therefore of paramount importance for 
their hunting success. The effect of photoperiod in combination with rolifer 
concentration is intimately related to the probability of encounter between the 
larvae and its food (Dowd and Houde, 1980; Peguin , 1984; Barahona-Fernades, 
1979). 
The assimilation of ingested rotifers by fish larvae has been shown to be 
very rapid (Govoni et a/., 1982). The gross growth efficiency, which is the 
proportion of the ingested food in growth, has been evaluated for larvae feeding 
on rotifers and in general it ranged from 20 - 60% (Minkoff, 1987). The nutritional 
value of rotifers to larvae depends on their dry weight, caloric content and 
biochemical composition (Doohan, 1973; Tandler and Mason. 1984; Theilacker 
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and Kimball , 1984; Minkoff, 1987). Scott and Baynes (1978) have found protein 
in the range of 50 - 58% of the rotifer's dry weight and lipids usually range from 9 
- 23% of the dry weight (Minkoff, 1987). Rotifers, which are raised on baker's 
yeast alone, are inadequate as food for marine fish larvae due to their lack of n -
3 series (HUFA) fatty acids. However, the dietary HUFA requirements for most 
marine fish larvae have . not yet been determined in a way that will differentiate 
between a need for either 20:5 n-3 or 22:6 n-3 or both (Lubzens et al., 1989) . 
Thus among the live food organisms, rotifers possess several 
, 
characteristics such as small size , slow swimming speed and high caloric value 
that make them attractive as live food in larviculture. Furthermore, a suitable inert 
feed has not yet been formulated and at present micro-diets cannot completely 
replace rotifers as the first feed for fish larvae of small size . Therefore, culture of 
rotifers takes the place as the principal mode of promoting suitable food for 
various finfish and shellfish larvae. Hence the present study was undertaken to 
evaluate the following objectives: 
A). to assess the suitability of the rotifers namely Brachionus angularis, B. 
caudatus, B. p/icatilis and B. calyciflorus, for use in the larviculture of 
freshwater ornamental fish , pearl gourami (Trichogaster leen) . 
B). to compare the performance of larvae with traditional methods of 
feed ing. 
C) . to study the effect of age of larvae on their preference for rotifers of 
different size and 
D). to study the feeding behavior of the early and advanced larvae. 
The same methodology can be adopted to evaluate the suitability and the 
effect of age of marine fish larvae on their preference for haline rotifers namely 
Brachionus rotundiformis 'ss ' type (length: 98 - 171 ~m , width: 80 - 125 ~m) , B. 
rotundiformis 'S' type (length : 136 - 212 ~m , width : 100 - 144 ~m) and B. plicatilis 
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(length : 145 - 250 ~m, width : 156 - 175 ~m) of different sizes. Because of the 
unavailability of any other marine or brackishwater fish larvae during the period of 
study, the pearl gourami larvae was selected as a test animal to show that the 
significance of initial prey size on the survival and growth of the finfish larvae. 
Pearl gourami (Trichogaster leen) is the most popular gourami in the pet 
market. The fish is peaceful and hardy (Axelrod and Sweeney, 1992; Mayadevi , 
1997). T. leeri are bubble nest builder, perennial breeder and exhibit fascinating 
breeding behaviour. The eggs are small and the embryonic development is rapid 
and is completed within 24 hrs. This species was selected as a test animal for 
the present study because of its small larvae. The newly hatched larvae measure 
only 2.72 ± 0.02 mm and cannot ingest macro-zooplankton at their initial feeding . 
Traditionally, gourami larvae are raised in extensive culture in large outdoor 
ponds and fed egg-yolk particles followed by macro-zooplankton especially 
Moina or Artemia nauplii. 
Among the Brachionus species the suitability of B. calyciflorus as a first 
feed for dwarf gourami and brown discus larvae was studied by Lim and Wong 
(1 997). Similarly, Gopakumar (1998) studied the growth and survival of three 
spotted gourami larvae fed with B. plicatilis at different feed concentrations . 
However, so far no information is available on the use of rotifers B. angularis, B. 
caudatus and B. calyciflorus as live feed in the finfish larviculture of either food 
fish or ornamental fish species from India. 
MATERIAL AND METHODS 
Rotifer culture: The stock of four rotifer species namely Brachionus 
angularis, B. caudatus, B. plicatilis and B. calyciflorus were isolated from local 
waters and maintained in the laboratory over a year. Rotifer mass culture was 
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performed using a batch culture system in outdoor 250 I FRP tanks at 28 - 32°C. 
They were cultured solely on microalgae, Chlorella el/ipsoidea at around 2 - 3 
million cells/ml. The stocking density of rotifer was 20 - 30 Iml and total harvest 
was conducted after 4 - 5 days at 100 - 150 Iml . 
Pearl gourami la,rviculture experiment: The experiment was conducted 
in 20 I glass aquarium tanks at temperature of 28 - 32°C. Larvae of pearl gourami 
were obtained by natural spawning of fish of matured male and female pairs in 
an aquarium tank. The eggs hatched in 24 hrs at t!lmperature of 28 - 30oC; the 
newly hatched larvae (before mouth opening) measured 2.72 ± 0.02 mm (zero-
day-old). Two-day-old larvae (mean length is 2.74 ± 0.03 mm; the mouth gape is 
0.19 ± 0.14 mm) were stocked randomly in two groups of three 20 I tanks at 500 
larvae I tank or 25 larvae I liter and the larvae were fed on rotifers and egg - yolk 
particles respectively. Feeding began on the day of stocking. The larvae were fed 
rotifers for the first 12 days, followed by larger zooplankton mainly neonates of 
Ceriodaphinia cornuta (cladocerans) obtained from the culture maintained in the 
laboratory. The' feeding density of rotifers ranged from 10 on day 2 - 15 Iml on 
day 12. Similarly the feeding density of cladocerans ranged from 5 on day 13-10 
neonates per ml on day 16. The detailed feeding regime is given in Figure135. 
For feeding of egg - yolk particles, hard boiled egg - yolk was first crushed 
and mixed with water and then sieved through a 150 ~m mesh net. Those 
particles retained by an 80 ~m mesh net were used for feeding . About 500 ml of 
algal water of C. el/ipsoidea was added to all the tanks daily. The uneaten food 
and sediments were siphoned off and about 10 - 25% of water in each tank was 
replaced with well aerated filtered freshwater to maintain a low level of free 
ammonia «0.02 ~g/l) . The water quality parameters especially temperature, 
dissolved oxygen and ammonia were monitored daily. The recorded range of 
values for various water quality parameters during the period of experiment are 
as follows: Temperature - 29 - 30°C;' pH - 7.14 - 7.32 ; Dissolved oxygen - 5 - 8 
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mgll; Nitrite -0.1 - 0.13 ~g/l ; Ammonia - 0.01 - 0.02 ~g/ l . The experiment was 
terminated on day 16, by which time all the larvae had consumed the larger 
zooplankton prey and the rotifers were completely avoided by the larvae and not 
consumed even though rotifers were present in the larval rearing tank. All the 
data with repl icates are presented as means ± SO. The differences in growth and 
survival between the treatments were tested for statistical significance with 
student ('t') - test. 
Feeding behavior and prey selectivity of the larvae: Four rolifers 
. 
Brachionus angularis, B. caudatus , B. plicatilis and B. calyciflorus with different 
size range were tested as food for larvae to study the impact of prey size on 
larval growth. Mean lorica length of B. angularis, B. caudatus, B. plicatilis and B. 
calyciflorus were 107 ± 14 ~m (range: 80 -120 ~m), 157 ± 10~m (range: 138-
175 ~m) , 198 ± 1 0 ~m (range: 180 - 225 ~m) and 291 ± 14 ~m (range: 230 - 320 
~m) respectively. Similarly, the width of those rolifers was 80 ± 5 ~m (range: 50 -
88 ~m) , 103 ± 6 ~m (range : 86 - 119 ~m) , 170 ± 4 ~m (range: 156 - 175 ~m) 
and 193 ± 16 ~m (range: 160 - 220 ~m) respectively. Experiments were carried 
out in glass beaker with 200 ml of filtered freshwater, with gentle agitation by 
bubbling. Each beaker contained one larvae of same age. Larvae of age 2 - 7 
days were used for the experiment. The larvae were introduced into the 
experimental beaker with a known quantity of rotifer mixture and maintained (B. 
angularis + B. caudatus + B. plicatilis + B. calyciflorus at a rate of 5 + 5+ 5+ 5 = 
20 Iml) for duration of 12 hrs. The preference of larvae and rate of consumption 
for each taxon were recorded after a specific interval. Five replicates were 
carried out for each experiment and the mean values were taken . Rotifer 
densities in the experimental beakers were examined at intervals of one to two 
hours, in order to obtain a significant, but not excessive difference during each 
period . The feeding behavior of early and advanced larvae was also observed. 
Selection between the different sizes of rotifer species was examined using the 
following index, derived from Ivlev (1955), cited by Yurochko (1976): 
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Electivity = L.:..Q 
r + p 
Where, r = % of one organism in the total ingested; p = % of occurrence of the 
same organism in the medium. Thus the electivity ranges between +1 and -1, 
and is a measure of positive or negative selectivity of a specified prey organism. 
Furthermore, the mouth gape of the larvae at different age was measured and 
calculated the preferable prey size, assuming a mouth opening of 45° to be most 
frequent phenomenon of feeding larvae of the given species (Dabrowski and 
• 
Bardega, 1984). 
RESULTS 
Pearl gourami larviculture experiment: Comparison of the performance 
of pearl gourami larvae fed on rotifer with those fed on egg-yolk is given in Table 
54. The growth of the larvae in the rotifer group was faster than the egg - yolk 
group. The mean total lengths at the end of the day 12 and day 16 were 7.51 ± 
0.49 mm and 9.46 ± 0.80 mm respectively in the rotifer group, were significantly 
larger than 4.84 ± 0.53 mm (p<0.01 ) and 5.64 ± 0.63 mm (p<0.01) respectively in 
the egg-yolk group. The mean survival rates of the larvae in the rotifer group 
were high in both stage 1 (upto day 12) and Stage 2 (on the day from 13 to 
day16), 98.93% and 98.54% respectively, significantly higher than 55.30% 
(p<0.01 ) and 45.77% (p<0.01 ) respectively in the egg-yolk group (Table 54). The 
overall mean survival rate (upto day 16) in the rotifer group (96.93 ± 1.54%) was 
more than twice that observed in the egg-yolk group (36.7 ± 5.17%). 
Food selection and feeding habits of pearl gourami larvae: Feeding 
first began with the early larval stage at a length of about 2.74 ± 0.03 mm and 
with a mouth gape of about 0.19 ± 0.14 mm. First feeding larvae were 'strike 
feeders'. After making visual contact with a food particle, larvae oriented towards 
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it. bringing it into the visual field of both eyes. Next. the larvae slowly approached 
the particle to the possible nearest spot. At this point, the larvae either rejected it 
or swam away or 'struck' using one of the two behaviors. The first, which was 
more common in early larvae, was to curl the trunk into 'S' shape and lunge 
forward, at the same time opening the mouth. In the late or advanced larvae, 
swimming strength incre~sed so as to dart forward by rapid swimming motions of 
the trunk and tail. The former behavior carried the larvae forward about half of 
the body length; the latter achieved a greater strike distance. When a strike was 
unsuccessful , successive strikes often followed, as long as the particle remained 
• 
within the larva's visual field . 
The mean values of Ivlev's electivity index for B. angularis / B. caudatus / 
B. plicatilis / B. calyciflorus / larvae are given in Table 55. In this experiment larva 
showed a clear age effect on their feeding preference of different size rotifers . 
The two-day-old larvae tended to choose rotifers between 80 - 120 IJm (B. 
angularis) and the rotifers larger than 125 IJm were rejected totally (E. index 
value for B. angularis was + 0.20). The three-day-old larvae tended to choose 
rotifers between 80 - 175 IJm (B. angularis + B. caudatus; the electivity index for 
former was +1 and that of the later was +0.58 respectively) and the rotifers 
longer than 175 IJm were rejected totally. Similarly the 4 and 5 day-old-larvae 
tended to choose rotifers between 138 IJm and 230 IJm (E. index value for B. 
caudatus was +1 and + 0.31 ; the E. index value for (B. plicatilis) was -1 and 
+0.84 on 4th and 5th day respectively) and rotifers longer than 250 IJm were 
rejected completely. A complete rejection of B. angularis (E (A) -1) and reduced 
rate of ingestion of B. caudatus (E (8) -0.33) by the larvae were observed on the 
6th day. The seven-day-old larvae tended to choose rotifers between 180 IJm and 
320 IJm (E. index value for B. plicatilis was +1 and the E. index value for B. 
calyciflorus was + 0.78) and the rotifers longer than 350 IJm and shorter than 180 
IJm were totally rejected . From the yth day onwards the larvae were exclusively 
reared with B. ca/yciflorus (range: 230 IJm to 320 IJm) upto 1 t h day. The 12-day-
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old larvae tended to choose the food particle size longer than rotifers (>500 ~m) 
such as neonates of C. corn uta (cladocerans) . 
DISCUSSION 
The experiment In 20-liter tanks had demonstrated the usefulness of 
rotifers for larviculture of pearl gourami. The mean total length of the larvae in the 
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rotifer group was significantly longer than in the egg-yolk group, indicating that 
feeding rotifers accelerated the growth of the fish larvae. The mean survival rate 
during the period also increased significantly, from 55.30% in the egg-yolk group, 
to 98.93% in the rotifer group (upto 12days). Although all the larvae in the egg-
yolk group and the rotifer group were fed solely on neonates of C. corn uta 
(cladocerans) from the 13111 day onwards, the survival and growth of the rotifer 
group continued to be significantly better than the egg-yolk group. These findings 
confirm that the use of rotifers for feeding gourami larvae from day 2 to 12 
effectively enhanced their growth performance. Fish that were fed suboptimaUy 
would continue to suffer from poor performance later. On the day 16, the overall 
survival rate of larvae fed on rotifers in the tank was (96.93%) almost three times 
of that obtained in the tank using egg-yolk particles (36.70%). A high survival rate 
and growth of dwarf gourami, brown discus and three spotted gourami larvae fed 
on rotifers (B. ca/ycif/orus and B. p/icatilis respectively) had been reported by Lim 
and Wong (1997) from Singapore and Gopakumar (1998) from Kerala 
respectively better than the traditional rearing method. A high survival rate and 
growth of the pearl gourami larvae fed on rotifers was observed in the present 
study, which is in agreement with the findings of the above mentioned authors. 
The observations on feeding morphology and behavior indicated that from 
the time of first feeding, larvae are selective 'strike' feeders, rather than pump 
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feeders like silver carp (Mathias and Li , 1982) and therefore, their feeding 
success depended upon vision and their ability to pursue and catch prey, as well 
as on the prey's size and ability to escape. Size-selective predation by 
planktivorous fish occurs within the morphological limits set by mouth size and 
gill raker spacing (Wankowsky, 1979), since the size of the prey eaten by the fish 
larvae is a function of the larval mouth width. According to the observation of 
Hunter (1980). in nature the mean diameter of the prey consumed by fish larvae 
was only 38% of their mouth width . In the present study, the mouth size of 2.74 ± 
0.03 mm larvae was only 0.4 - 0.6 times longer (0.17 mm - 0.20 mm gape) than 
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the size of the preferred zooplankton (range: 80 - 120 IJm) and the rate of 
increase in mouth width as larvae grew from 2.74 mm to 7.51 mm coincided with 
the rate of increase in the average maximum size of rotifers taken as prey. As 
larvae grew from early larvae to advanced larvae, their prey-capture ability 
became much stronger and they shifted from smaller, slower prey to larger and 
faster organisms. Mathias and Li (1 982) made a similar observation on the 
feeding behavior of walleye larvae in nature and in laboratory. Fukuhara (1 983) 
observed that the first feeding larvae (early larvae) had relatively slow swimming 
speed and low capture success at onset of feeding (2-10%) of larval black 
spongy (Acanthophagus schlegelJ) . In the present study also the early larvae 
recorded low capture success 10 - 20% far less than that 70 - 80% achieved by 
the advanced larvae. 
The experiment with a mixture of different sizes of rotifers showed a clear 
age effect on the larval feeding preference of different size rotifers. Early larvae, 
upto 3'" day after hatching preferred small rotifers such as B. angularis (size: 80 
to 120 IJm) and B. caudatus (size: 138 - 175 IJm) and avoided feeding on rotifers 
larger than 175 IJm, while in older larvae the feeding pattern was reversed . 
Similar observations were made by Helps (1982) who, found that gilthead 
sea bream larvae showed a clear age effect on their feeding preference of 
different strains of B. plicatilis and the presence of small rotifers for the first few 
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days of feeding was associated with an improved growth rate. Lasker et al. 
(1970), Hunter (1980), Hunter and Kimbrell (1980), Beyer and Laurence (1981) 
and James and Rezeq (1989) had observed that in nature, fish larvae showed a 
tendency to feed on progressively larger prey as they grew. The present study 
confirmed that the larvae of pearl gourami as they grew had developed a 
preference to feed on rotifers of different size (particle size) corresponding to 
their age. 
The use of rotifers is likely to have an important impact on the larviculture 
• 
of pearl gourami and the ornamental larviculture industry as a whole. The 
application of the rotifers would enable intensive larviculture of freshwater 
ornamental fish species with small larvae, which would eventually lead to 
exponential increase in the yield of the fry, as demonstrated in this study. The 
availability of the small live food organisms would also facilitate breeding of new 
fish species with small larvae that could not be raised previously using the 
existing macro-zooplankton or extensive culture method. This would eventually 
enhance the number of fish species for breeding. 
Furthermore, the same methodology can be adopted to evaluate the effect 
of age of various marine potential finfish species chiefly grouper (Epinephelus 
tauvina) and mullet (Mugi/ cephalus) larvae on their preference for haline rotifers 
of different sizes. Although B. plicatilis and B. rotundiformis 'S' type are the most 
suitable food organisms for marine fish larvae, their size restricts to their use for 
small mouthed fish larvae like grouper and mullet. The standard length of 
grouper (E. tauvina) and mullet (M. cepha/us) larvae are 1.5 mm to 1.9 mm and 
1.4 mm to 2.4 mm respectively (Lim, 1993; Lavens and Sorgeloose, 1996). 
Mouth gape at first feeding of E. tauvina was about 150 ~m to 180 ~m 
(Maneewong, 1986) and the same for M. cepha/us was about 150 ~m to 190 ~m 
(Liao, 1975). Therefore, the larvae are expected to prefer the first prey that range 
from 80 to 100 ~m , shifting within a few days to prey organisms that are >150 ~m 
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(James and Rezeq , 1989). According to Tamaru et al. (1991) , Marietta et al. 
(1997) and Ooziki et al. (1992) , both grouper and mullet larvae fed on B. 
rotundiformis 'SS'l (size: 98 -171 ~m) followed by B. rolundiformis 'S' type (size: 
136 ~m to 212 ~m) were significantly longer and survived better than the larvae 
fed on B. rotundiformis 'S' type alone and the mean size of rotifers found in the 
gut increased as larvae grew. Therefore, early larvae preferred small Brachionus 
(a size <1 00 ~m) especially during the first three days of feeding. In the present 
study, three morphologically and ecologically distinct haline rotifers (8. plicatilis, 
B. murray and B. rotundiformis) were represented in the plankton collections and 
• 
these rotifers were isolated and successfully cultured in the laboratory over a 
period of year. The various experiments conducted in the laboratory revealed 
that these rotifers could be cultured in a wide range of salinity and temperature 
by using different types of microalgae from either brackishwater or marine 
environments. Therefore, these rotifers can be successfully used in larviculture of 
groupers and mUllets in India. 
Similarly, the size range of B. angularis is 80 - 120 ~m (length) and 50 to 
88 ~m (width) . This rotifer though freshwater in origin occurred in moderately 
saline waters of Veli -Aakulam estuary. In the laboratory also, B. angularis could 
be reared upto a salinity level of 10 ppt by gradual acclimatization. However, 
Miracle et al. (1987) has reported that B. angularis could tolerate a salinity range 
from 0.5 ppt to 24 ppt. Hence, gradual acclimatization of this species at different 
salinity levels could lead to a successful culture of this species at high salinity 
levels. Thus B. angularis can also be used as a suitable first live food for marine 
finfish larvae of small size especially grouper and mullet larvae since it is smaller 
than B. rotundiformis 'ss' type (the current small rotifer among the haline rotifers). 
I Three morphologically distinct haline rotifers are widely used in marine finfish larviculture. Based 
on the lorica size they are named as B. plicalilis ('L' type), B. rolundiformis ('S' type) and B. 
rolundiformis ('55' type) by aquaculturists. Among these, B. plicalilis and B. rolundiformis '55' type 
are well corresponded to Muller's plicatilis and T schugunoffs rolundiformis. However, the 
taxonomic status of B. rolundiformis 'S' type is not established till date event hough this taxon is 
genetically related to B. rolundiformis '55' type. 
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Since the success of larval rearing depended on the efficient transition from 
endogenous to exogenous nutrition, i.e. meeting the corresponding metabolic 
demands of the larvae at different stages of their development, the knowledge of 
feed ing requirements would allow better management of early larval rearing and 
also the introduction of new feeding methods. 
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Fig . 135: Feeding scheme for experimentallarviculture of Trichogaster leeri 
****Cladocerans********* 
Cereiodaphnia corn uta (neonates) 
Size :>350~m ; 
Density: 5 -1 O/ml 
********rotifer -4.*.*.****.*. ** 
B.calyciflorus; Size: 230-320~m ; 
Density: 10 -20/ml 
·******rolife r -3 ...... .... . 
B. plicatilis; Size: 180 -220~m ; 
Density: 5 -1 O/ml 
**rotifer-2**** 
B. caudatus; 
Size: 138 -175~m , 
Density: 5 -1 O/ml 
*rotifer -1 ** 
B. angularis, 
Size: 80 -120~m , 
Density: 5 -1 O/ml 
*******·Chlorella el/ipsoidea (SOOOOcells/ml)···· .. · **'**'**'*u. ** ••• ***.***.**. 
0123456 78 9 10 11 12 13 14 15 16 
Days after hatching 
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Table 49: Comparison of the performance of pearl gourami (Trichogaster leen) 
I f d n 'th th f d Ik ' I . 20 I arvae e on ro I er WI ose e on eQQ - yo . partlc es In aquarium tanks. 
Feeding groups Fed with rotifer Fed with egg-yolk Student ('I') test 
particles 't' value p value 
Total length 
(mm) 
Day12 (rotiter group) 7.51 ± 0.49 4.84 ± 0.53 10.73 p<0.01 
Day16 (Cladocerans) 9.46 ± 0.80 5.64 ± 0.63 9.58 p<0.01 
Survival (%) 
Stage-1 (Day 2 -12) 98.66 ± 0.77 55.30 ± 5.27 36.82 p<0.01 
. 
Stage-2 (Day 12-16) 97.33 ± 1.88 45.77 ± 4.57 40.59 p<0.01 
Overall survival 96 .00 ± 0.35 36.70 ± 5.17 36 .01 p<0.01 
(Day 2-16) 
Table 50: Selection of rotifers by larvae as a percentage of rotifers in the water 
(Electivity index value for rotifers of different size) . 
Food 
density Mouth 
Age (rots/ml) 
Co - ct 2 E (A) 3 E (8)' E (C) 5 E (D) 6 
gape of 
of larvae (A-5+8- larvae 
Days 5+C-+D- (mm) 
5)' 
2 20 20-18 (3+5+5+5) +0.20 -1 .00 -1 .00 -1 .00 0.172-0.20 
3 20 20-12 (0+2+5+5) +1 .00 +0.58 -1 .00 -1 .00 0.205-0.24 
4 20 20-12 (2+0+5+5) +0.57 +1 .00 -1 .00 -1.00 0.241-0.25 
5 20 20-11 (5+1+4+1 ) -1 .00 +0.31 +0.84 -0.56 0.290-0.31 
6 20 20-10 (5+2+0+3) -1 .00 -0.33 +1 .00 +0.78 0.310-0.40 
7 20 20-10 (5+5+0+0) -1 .00 -1.00 +1 .00 +1 .00 0.325-0.42 
1: A: Brachionus angularis (80 -120 ~m): B: B. caudatus (138 - 175 ~m): 
C: B. plicatilis (1 80 - 220 ~m): D: B. calyciflorus (230 - 320 ~m) 
2: Co: Initial rotifer density: ct: Final rotifer density in the larval rearing tank 
3: Electivity index value for B. angularis 
4: Electivity index value for B. caudatus 
5: Electivity index va lue for B. plicatilis 
6: Electivity index value for B. calyciflorus 
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THE EFFECT OF FEEDING OF ROTIFER 
(BRACH/ONUS ROTUND/FORM/S) UPON 
SURVIVAL AND GROWTH OF LARVAL 
MARINE SHRIMP, PENAEUS MONODON 
INTRODUCTION 
Over the past two decades shrimp mariculture has increased world wide. 
Uncertain supply and the exorbitant cost of wild post larval seedstock has 
encouraged the growth of hatchery technology for the culture of penaeid shrimp 
larvae. The developme'nt of shrimp larvae is characterized by a number of 
stages, each requiring different feeding regimes according to behavior, 
morphology and nutritional requirements. A nutritionally balanced introductory 
feed is the key to successful larviculture. Hence, feeding of larvae still continues 
to be an active field of research of critical significance in all aquacutlurally 
advanced nations. 
Feeding is one of the most important factors affecting larval development 
of penaeids. Generally, the diets used during penaeid culture are based on a 
mixture of algae, primarily diatoms, during the early stages. The need for an 
animal protein as a component of the larval diet was first recognized by 
Hudinaga (1942). The food most commonly chosen to fulfill this need has been 
the brine shrimp, Artemia (Sorgeloos, 1980). The rotifer especially Brachionus 
plicatilis has also been recognized as a potential food organism in addition to or 
as a replacement for Artemia (Hirata et al., 1975, 1985; Hudinaga and Kittaka, 
1967; Cook and Murphy, 1969; Shigueno, 1975; Sorgeloos and Person, 1975; 
Kittaka , 1976; Rodriguez, 1976; Solangi and Ogle, 1977; Lumare et al., 1978; 
Emmerson, 1980, 1984; Mock et al., 1980; Yufera et al., 1984; Leger et aI. , 1985, 
1989; Samocha et al., 1989; Millamena et al., 1990; Yufera and Lubian, 1990; 
Liao et al., 1993). In production systems, animal food is an important factor in 
over all production cost. Offering the correct food at optimal densities for each 
larval stage is necessary for efficient and economic hatchery operation. However, 
there is practically no information concerning the suitability of rotifer as a food 
source for penaeid larvae from India. To fill up this gap, the present study was 
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undertaken to evaluate the suitability of rotifers as a supplementary food 
resource for the zoea (= protozoea) substages of Penaeus monodon, a species 
of highest commercial importance in India and abroad. 
MATERIAL AND METHODS 
Diatom culture: The inocula of the mixed diatoms dominated by 
Chaetoceros spp. was obtained from State Fisheries Hatchery, Thirumulavaram, 
Kollam and this stock was inoculated into a 100 - 150 liter Perspex tank filled with 
filtered fresh sea-water at a salinity of 34 ppt to 35 ppt. Before the inoculation the 
filtered seawater was enriched with Sodium nitrite (12 mgll) , Potassium 
orthophosphate (6 mg II) , EDTA (6 mgll) and Sodium meta silicate (1 mgll). The 
culture was exposed to sunlight and agitated by mild continuous aeration. When 
the culture had reached a cell concentration of 3 - 4 lakh cells/ml, the diatom 
culture was harvested and fed to larvae. 
Rotifer culture: Brachionus murray was cultured solely in marine 
Chlorella salina at around 2 - 4 mill ion cells/ml. Their mass culture was 
performed using a batch culture system in the outdoor culture tanks (1 00 - 1501 
capacity) at room temperature (28 - 32°C) and at the salinity of 20 ppt to 25 ppt. 
The culture tanks were provided with continuous aeration. Stocking density was 
25 - 40/ml and the total harvest was conducted after 5 days when the population 
has attained a density of 75 -100/ml. The size of the rotifer ranged from 136 ~m -
212 ~m . 
Artemia production (nauplii) : Artemia cysts (San Francisco Bay strain) 
were incubated in natural sea water for 24 hours at 3 g to 5 g cysts per liter. 
Water temperature was kept at 30°C with a continuous illumination of 1000 lux. 
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Aeration was supplied to keep the cysts in suspension throughout the 24 hr 
incubation period. Nauplii (unfed) were separated from the cysts and harvested 
by siphoning. The body length and width of the newly hatched nauplii were 335 -
520 ~m and 110 - 220 ~m respectively. 
Rearing techniques: Nauplii of P. monodon were obtained from the 
Kerala State Fisheries Hatchery, Thirumulavaram (Kollam). Two groups of nauplii 
at a rate of 20 nauplii per liter from the stock were placed in the plastic troughs of 
50 I capacity filled with filtered fresh sea water at room temperature (29 - 31 °C) 
, 
and salinity of 32 ppt to 35 ppt agitated by bubbling and subjected to continuous 
illumination. Two sets of feeding protocols were adopted. In the first set the 
larvae were fed solely with mixed diatom (20,000 - 25,000 cells/ml) upto mysis III 
stage and later on Artemia nauplii were fed to the larvae whereas in the second 
set of experiment the larvae, zoe a I were fed with rotifer in the place of algae at a 
rate of 25 - 30 rotifers per ml upto mysis III stage. Freshly hatched Artemia 
nauplii were supplied when the shrimp larvae moulted into post larvae1 . From the 
3'd day onwards daily 1/4th water from the larval rearing tank was removed and 
replaced with fresh filtered sea water. The debris and uneaten food were daily 
removed by siphoning. The water quality and other conditions conducive for 
larval tanks were monitored and values of the parameters were as follows: 
Salinity 32 ppt to 35 ppt 
Temperature 
PH 
Dissolved oxygen 
Tota l ammonia 
Nitrite 
29 - 32°C 
8 - 8.5 
5 - 7 mg/I 
0.05 - 0.1 ~g/l 
0.05 - C.1 ~g/l 
Tripl icates were maintained for each experiment. Survival and growth of 
larvae fed on diet with rotifer addition and those on the diet without rotifer 
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addition were recorded daily. The data were subjected to'!' test (Student test). 
The duration of experiment was 10 days. 
RESULTS 
The range of body length and the corresponding period of time taken for 
development of each stage are given in Table 56. The duration of naupliar stage 
was about two days and its size ranged frem 0.31 mm at N - I to 0.53 mm of N -
VI. The nauplii metamorphosed into post larvae -1' between 9th and 10th day of 
the experiment. The size of the post larvae -1 ranged from 4.25 mm to 4.70 mm. 
Comparison of the growth performance and survival of each larval stage fed on 
the diet with rotifer and those fed on the diet without retifer are summarized in 
Tables 57 and 58 respectively. The results revealed that the naupliar, zoea Z-I to 
Z-II and mysis M-I to M-II substages did not show any significant difference in 
grewth between the larvae receiving retifer and those without retifer, as the mean 
body length of the larvae fed with retifer was slightly more as evident frem Table 
57. At the stage of zoea - III , the mean total length of retifer fed larvae was 2.29 
mm, significantly higher than those without retifer diet (p<O. 01). Similarly, the 
mysis-1I1 stage and post larvae - 1 stage, the mean total length of the rotifer fed 
larvae were 4.29 mm and 4.61 mm respectively, significantly higher than the 4.20 
mm and 4.53 mm obtained for the larvae fed on diet without rotifer (p<O.' 05) . 
The mean survival rate of the naupliar and zoea-I stages of larvae in the 
retifer fed group and that without retifer as food did not show any significant 
variation (Table 58) whereas, the survival rate of the mysis stage (M -I to M -III) 
in the rotifer group was significantly higher than in the diet without retifer 
(p<0.05). Similarly, the over all survival rate (upto Day 9) in the retifer group 
(94.67%) was significantly (p<0.01 ) higher than in the diet without rotifer (upto 
Day 10) group (86.66%). 
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DISCUSSION 
Numerous studies have focused on the optimal stage for the introduction 
of animal food into larval culture systems. The timing of the introduction of animal 
feed is important for a number of reasons. Prey organisms consume algae and 
dissolved oxygen in the culture vessels, thereby directly competing with larval 
shrimp for important resources which are at times in limited supply. Furthermore, 
they excrete poisonous metabolites, causing water quality problems. Prey 
organisms which grow quickly become invulnerable to predation. Thus, Artemia 
nauplii which are not consumed grow to adulthood greatly complicating the 
management of the hatchery tanks. The timing of the onset of raptorial feeding 
varies among penaeid larval predator species. Besides, the ability of penaeid 
larvae at given substages to consume zooplankton also depends on the type and 
size of the prey organisms. 
Feeding the penaeid species only with Artemia nauplii from the late mysis 
stage onwards has been in practice for long. However, decrease in survival has 
been noted as penaeid larvae metamorphosed to the mysis substages and as 
they change over from an algal diet to a diet including Artemia nauplii (Mock et 
a/., 1980). Hence, it was suggested that a food organism intermediate in size 
between algae (5 IJm to 50 IJm) and freshly hatched Artemia nauplii (450 IJm to 
500 IJm) could increase survival and growth rates (Mock et a/., 1980). Attempts 
have been made by various workers to determine a suitable food for zoea larvae. 
Many species of diatoms have been used for this purpose. Single or mixed 
culture of diatom species have been used as common practice for the rearing of 
zoea stages (Cook and Murphy, 1969; Okauchi et a/., 1997). Because of the 
uncertainty of having good diatom culture available when needed, methods were 
developed by which concentrated diatom cells could be preserved (Hirata et a/., 
1975; Leger et a/., 1985, 1989). Rotifers have also been used as good food for 
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prawn larvae due to its intermediate size (99 ~m to 281~m) between the algal 
diet and Artemia nauplii (Hudinaga and Kittaka, 1967; Liao, et a/., 1993). Rotifers 
are consumed from zoea - II substage of Penaeus japonicus (Hirata et a/., 1985) , 
P. kerathurus (Yufera et a/., 1984) and P. semisu/catus (Watanabe, 1980; 
Samocha et a/., 1989). Similarly, P. indicus has been shown to consume rotifers 
as early as zoea-I (Emmerson, 1984). Rotifers have been used as 
supplementary feed for fresh water prawn, Macrobrachium rosenbergii (Lovett 
and Felder, 1988). All above reports revealed the suitability of rotifers as a good 
food source for prawn larvae. The present study also showed that the survival 
rate of post larvae were higher in the diet with rotifer than the diet without rotifer. 
Thus the present result indicates that rotifers could be used as supplementary 
food source for zoea substages of P. monodon. Hence, feeding the zoea 
substages of the penaeid larvae with rotifer as supplementary food source have 
contributed to the good larval survival (>90%) than the routine method. However, 
rotifers as a supplementary food source of zoeal stages needs further studies 
especially on the economic feasibility of this feeding regime in the larval 
production. 
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Table 51 : The range of body length and the corresponding period of time taken 
for development of each stage Penaeus monodon 
Feeding groups Diet with rotifer Diet without rotifer Age 
(Days) 
Total length (mm) 
Nauplii (1-6) 0.31 - 0.53 0.31 - 0.52 2 
Zoea -1 (Z-1) 1.05-1 .09 1.04 -1 .08 3 
Zoea -2 (Z-II) 1.65-1 .68 1.63 - 1.66 4 
Zoea -3 (Z -III) 2.14 - 2.38 2.13 - 2.,29 5 
Mysis -1 (M-I) 3.65 - 3.95 3.63 - 3.94 6 
Mysis -2 (M-II) 3.90 - 4.37 3.79 - 4.37 7 
Mysis -3 (M-III) 4.15 - 4.40 4.00 - 4.33 8 
Post larva (PL-1) 4.45 - 4.70 4.25 - 4.58 9 
Table 52: Comparison of the growth performance of Penaeus monodon larvae 
fed on diet with rotifer and those fed on diet without rotifer 
Student ('I') test 
Feeding groups Diet with rotifer Diet without 't' value p value 
rotifer 
Total length 
(mm) 
Nauplii1 -6 (N I-VI) 0.48 ± 0.02 0.48 ± 0.02 0.826 0.43 
Zoea-1 (Z-I) 1.07 ± 0.01 1.06 ± 0.01 1.677 0.12 
Zoea-2 (Z-II) 1.67 ± 0.01 1.65 ± 0.01 6.530 0.00·· 
Zoea-3 (Z-III ) 2.29 ± 0.07 2.25 ± 0.05 2.714 0.20 
Mysis-1 (M-I) 3.82 ± 0.16 3.78 ± 0.09 1.254 0.24 
Mysis-2 (M-II) 4.15 ± 0.05 4.11 ± 0.19 0.745 0.47 
Mysis-3 (M-III) 4.29 ± 0.09 4.20 ± 0.07 2.549 0.03 
Post larva (PL-1) 4.61 ± 0.08 4.53 ± 0.12 2.558 0.03 
·p<0.05; •• p<0.01 
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Table 53: Comparison of the survival of Penaeus monodon larvae fed on diet 
with rotifer and those fed on the diet without rotifer 
Feeding groups Feeding schedule Feeding schedule Student ('I') test 
with rotifer without rotifer 't' value p value 
Survival (%) . 
Nauplii(N1-6) 100 ± 0.00 100 ± 0.00 0.00 1.00 
Zoea(Z1-3) 100 ± 0.00 98.26 ± 2.36 2.45 0. 37" 
Mysis (M1-3) 98.5 ± 2.54 95.37 ± 2.42 4.40 0.02* 
Post larva (PL-1) 97.3 ± 2.31 92.50 ± 2.77 3.19 0.11 
Overall survival 94.67 ± 2. 31 86.66 ± 2.31 4.82 0.01 ** 
* p<0.05; ** p<0.01 
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SUMMARY 
01 . The history of the systematics of the phylum Rotifera is traced through the 
literature from Linnaeus (1758) to the present day. A comprehensive 
account of Indian rotifers is also provided. 
02. Forty-four species of rotifers belonging to 16 genera and 12 families are 
recorded. Description of 22 species including four subspecies and 40 
forms belonging to the family Brachionidae found along the southern coast 
of Kerala are furnished . Illustrations of the different characters of 
taxonomic value are also presented. ~mong these, Brachionus 
dichotomus reductus, B. kostei and B. urceolaris nisoni are new records 
for India and B. quadridentatus mirabilis and B. calyciflorus borgerti are 
new records for Kerala. In this investigation it was revealed that B. 
plicatilis is not a single species in the brackish waters of Kerala but a 
complex of at least three morphologically recognized taxa, B. plicatilis (so-
called 'L' type), B. murray (B. rotundiformis 'SM') and B. rotundiformis (B. 
rotundiformis 'ss' by aquaculturists). B. havanaensis trahea is recovered 
and redescribed and its earlier name was B. forficula keralaiensis from 
Irinjalakuda (Kerala) as a variety of B. forficula . 
03. Species composition , population density and distribution of rotifers in 
relation to physico - chemical parameters and algal blooms were 
investigated at two stations in Poonthura and at three stations in Veli -
Aakulam estuaries from February 2000 - January 2001 . 
04. The rotifer component in Poonthura estuary was represented by 12 
families, of which families Brachionidae, Lecanidae and Filiniidae were 
represented by seventeen, six and three species, respectively. Family 
Lepadellidae was represented by two species whereas the families of 
Asplanchnidae, Testudineliidae, Synchaetidae, Epiphanidae, Mytilinidae, 
Trichotridae, Euchlanidae and Hexarthridae had only one species each. 
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The dominant species in this estuary was B. angularis , B. plicatilis, 
Keratella cochlearis and B. calyciflorus. The highest number of species 
and population density were noted during the pre-monsoon and post-
monsoon periods. Brachionus kostei was noted only in the month of 
February whereas Platyias quadricornis and P. leloupi were recorded only 
in August. 
05. In Poonthura estuary, the impact of different environmental parameters on 
the dominant species B. angularis, B. plicatilis, B. calyciflorus and K. 
. 
cochlearis has been described with the help of correlation analysis and the 
results showed that pH, dissolved oxygen, total alkalinity and nutrients 
were significantly correlated with abundance of these dominant species in 
the study. 
06. Monthly and seasonal variations in the diversity indices of the rotifers of 
Poonthura estuary were analyzed and the results of the analyses showed 
that diversity, species richness and evenness indices of rotifers were high 
during the pre-monsoon period while the dominant index alone was high 
during the post-monsoon period . 
07. The rotifers of the Veli - Aakulam estuary were represented by 31 species 
belonging to 16 genera and 12 families. The dominant genera in this 
estuary were Brachionus, fo llowed by Filinia and Lepadella. Among the 
brachionids, B. angularis, B. plicatilis, B. calyciflorus were the most 
abundant and most of the other species were noted during pre-monsoon 
and monsoon periods. The haline rotifer B. murray was recorded during 
the monsoon and post-monsoon periods particularly in the month of June, 
September and January. However, B. rotundiformis was recorded only in 
the month of September. 
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OB. Correlation analysis between the dominant species and various 
hydrographical parameters had shown that nitrate had exerted 
significantly important influence on B. angu/aris and B. ea/yeiflorus at 
Station III (Aakulam) alone whereas both nitrate and salinity had the same 
effect on B. plieatilis . On the other hand, dissolved oxygen and silicate 
were found to be significantly related with B. murray. 
09. In Veli - Aakulam estuary, the rotifers were associated with phytoplankton 
blooms such as Mieroeystis aeruginosa in May, Chaetoeeros spp. (diatom) 
• 
in September, eye/otella sp. (diatom) in January and a mixed 
phytoplankton bloom in July. In this estuary, blue-green algal blooms 
dominated by Mieroeystis aeruginosa had exerted a negative influence on 
rotifer community in general. However, diatom blooms dominated by 
Chaetoeeros spp. and Cye/otella sp. showed a positive influence on the 
rotifer density. Among the rotifers, B. murray showed its maximum 
population density when the bloom of Chaetoeeros spp. was recorded, 
followed by Cye/otella sp. whereas other braehionids showed a reverse 
trend. The present finding also corroborates with the results of the 
reproductive potential of this species as given in the chapter 3. 
10. Six rotifer species namely B. angu/aris, B. eaudatus, B. ea/yeiflorus, B. 
plieatilis, B. murray and B. rotundiformis were isolated and studies were 
conducted on the impact of salinity, temperature, feed concentrations and 
feed type on different biological aspects such as reproductive potential 
and life table parameters of these rotifers. 
11 . The impact of feed type, feed concentration , salinity and temperature on 
reproductive rate of rotifers was examined. The results of this study 
showed that all these parameters had a significant influence on 
reproductive potential of different rotifer species. These parameters acted 
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independently as well as interacted with each other in varying magnitudes. 
The most crucial factors influencing the reproductive rate of rotifers were 
salinity and food . B. angularis, B. caudatus and B calyciflorus yielded their 
highest reproduction at the low salinity of O. 5ppt and the 'r' values 
declined as the salinity increased from this level since these are though 
fresh I brackish wilter rotifers they can still tolerate salt concentration to a 
certain extent (upto 10 ppt) . B. plicatilis, B. murray and B. rotundiformis 
recorded their highest 'r' value at salinities of 5 ppt, 10 ppt and 15 ppt 
respectively. Similarly, all the rotifers yielded their highest 'r' values at 
• 
temperature of 28 - 30°C (room temperature). However, B. rotundiformis 
did not show any significant difference between the thermostat 
temperature of 35 - 37°C and the room temperature chosen for the 
present study. Among the different algal feeds , Chiarella ellipsoidea was 
found suitable for B. angularis, B. caudatus and B. calyciflorus. Similarly, 
th.e suitable feed for B. plicatilis, B. murray and B. rotundiformis were C. 
salina and C. infusorium, C. ca/citrans and I. galbana respectively. It was 
also observed that the concentration of different feed types had a 
significant influence on reproductive potential, which is dependent on the 
type of the feed and ingestion capacity of the rotifers. Hence the 
concentration of feed required for the optimum 'r' value for a particular 
rotifer varies with the particle size. Among the freshwater algal species S. 
protuberans is larger than C. ellipsoidea, C. infusorium and A. convolutes 
and hence its concentration requirements is proportionately lower than 
that of above mentioned algal feeds for B. angularis, B. caudatus and B. 
calyciflorus. Similarly, the marine alga Tetraselmis gracilis is larger than 
that of C. salina, I. galbana and C. calcitrans. and hence its concentration 
requirement is comparatively less than that of other marine algal feeds . 
12. The influence of temperature and salinity on their life history 
characteristics was investigated. The results of the this study showed that 
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the life table parameters were vitally affected by salinity as well as 
temperature and this in turn influenced their survival , reproduction and 
growth. B. angu/aris, B. caudatus and B. ca/yciflorus had attained their 
maximum size, longest reproductive period, highest fecundity, longest 
lifespan and shortest juvenile period and egg hatching time at the salinity 
of 0.5 ppt. On the. other hand, B. piicatiiis, B. murray and B. rotundiformis 
attained their maximum size, longest lifespan, highest fecundity and 
shortest juvenile period and egg hatching time at the salinities of 5 ppt, 10 
ppt and 15 ppt respectively. As regards statistical analysis (two-way 
• 
AN OVA) salinity, temperature and salinity x temperature interaction had 
significant influence on various life table parameters particularly on 
lifespan, fecundity, reproductive period and egg hatching time. 
13. The suitability of rotifers of different sizes as feed was evaluated on the 
basis of the survival and growth of the pearl gourami (Trichogaster leen) 
larvae used as a test animal. The results of this study showed a clear 
larval age effect on their feeding preference of different prey sizes. Early 
larvae at the first feeding stage tend to prefer small rotifers, therefore 
avoided feeding on large rotifers, while in older larvae the feeding pattern 
was reversed . The mouth size of the larvae was significantly correlated 
with the size of the prey. In the present study, the mouth gape of the 
larvae was generally 0.4 - 0.6 times longer than the preferred prey size. A 
high percentage of survival and growth of the larvae fed on rotifers was 
noted when compared to those of the larvae fed on egg yolk particles. 
14. The survival and growth of the prawn larvae of the commercially important 
tiger shrimp, Penaeus monodon fed on rotifers (B. murray) was evaluated 
in the present study. The use of rotifer as a supplementary food source 
substantially enhanced the larval survival ; however, the growth rate of the 
larvae did not show any appreciable increase. 
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15. The present study provides the information on the systematics, ecology 
and general biological aspects of six brachionid species. It also throws 
light on the suitability of rotifers as an ideal first feed for finfish and 
shellfish larvae. The suitability of rotifers other than B. plicatilis and B. 
rotundiformis as a live feed for finfish larvae is likely to have an important 
impact on the larviculture industry as whole. The appl ication of rotifers as 
first feed would enable intensive larviculture of both fresh water and 
marine finfish species with small larvae and that would eventually lead to 
increase in the yield of the fry. 
277 
REFERENCES 
Abraham, M., Gopinathan, S. and Sreekrishna, V., 1995. Induced breeding of the 
grey mullet Liza macrolepis (Smith) with special reference to larval 
rearing . J. Aquaculture in the Tropics: 3: 1-7 
Abraham, M., Shiranee, P., Chandra, P.K., Kailasm, M. and Charles, V. K., 1999. 
Embryonic and larval development of the striped mullet Mugi/ 
cephalus (L.) Indian J. Fish ., 46: 123-131 
Ahlstrom, E. H., 1933. A quantitative study of Rotatoria in Terwilliger's pond, Put-
in Bay, Ohio. Bull. Ohio. BioI. SUN. , 30: 494-530. 
Ahlstrom, E. H., 1934. Rotatoria of Florida. Trans. Amer. Micros. Soc., 53: 251-
266. 
Ahlstrom, E. H. , 1938. Plankton Rotatoria from North Carolina. J. Elisha Mitchell 
Sci. Soc., 54: 88-110 
Ahlstrom, E. H., 1940. A revision of the Rotatorian genera Brachionus and 
Platyias with descriptions of one new species and two new 
varieties. Bull. Am. Mus. Nat. Hist., 77: 148-184. 
Ahlstrom, E. H., 1943. A revision of the Rotatorian genus Keratella with 
descriptions of three new species and five new varieties. Bull. Am. 
Mus. Nat. Hist., 80: 411-457. 
Amita , D. and Saksena, D. N., 1992. Physico-chemical and biological 
characterization of a temple tank, Kaila sagar, Gwalior, Madhya 
Pradesh. J. Hydrobiol. , 8(2): 11-19. 
Anderson, H. H., 1889. Notes on Indian rotifers .. J. Asiat. Soc. Beng., 58: 345-
58 . 
Anderson, H. H. and Shephard, J., 1892. Notes on Victorian rotifers. Proc. R. 
Soc. Victoria 4: 69-80. 
Anuradha Rammohan , 1996. Plankton ecology of Kadinamkulam lake-a 
backwater system of southern Kerala coast. Ph.D. thesis , 
University of Kerala , Kerala. 
APHA, 1998. Standard Methods for the Examination of water and waste water, 
20th edition. (ed . Lenore. S. C., Amold , E. G. and Andrew, E. E.), 
Washington , 543pp. 
279 
Apstein , C., 1907. Das Plankton im Colombo-See auf Ceylon. Zool. Jahrb. Abt. 
Syst., 25: 201-244. 
Apstein , C., 1910. Das Plankton des Gregory-Sees auf Ceylon. Zool. Jahrb. Abt. 
Syst. , 29: 667-669 
Aranovich, T. M. and Spektorova, L. V., 1974. Survival and fecundity of 
Brachionus ca/yciflorus in waters of different salinities. 
Hydrobiologia 10: 71-74. 
Archana Tiwari, 1998. Rotifers as indicators for assessment of water quality. 
Proc. Acad. Environ. BioI., 7(2): 161-166. 
Arora, H. C., 1962. Studies on Indian Rotifera. Part. I. On a small collection of 
illoricate Rotifera from Nagpur, India, wittl notes on their Bionomics. 
J. zool. Soc. India., 14: 33-44. 
Arora , H. C., 1963a. Studies on Indian Rotifera . Part-II. Some species of the 
Genus Brachionus from Nagpur. J. Zool. Soc. India., 15: 112-121 
Arora , H. C., 1963b. Studies on Indian Rotifera. Part-IV. On some species of the 
Genus Brachionus of sessile Rotifera from India (with a description 
of a new species of Genus Sinantherina). Arch. Hydrobiol., 59: 
502-507. 
Arora, H. C., 1965. Studies on Indian Rotifera. Part VI. On a collection of Rotifera 
from Nagpur, India, with four new species and a new variety. 
Hydrobiologia 26: 444-465. 
Arora, H. C., 1966a. Studies on Indian Rotifera. Part-III. On Brachionus 
ca/yciflorus and some variety of the species. J. Zool. Soc. India., 
16: 1-6. 
Arora , H. C., 1966b. Studies on Indian Rotifera . Part-V. On species of some 
genera of the family Brachionidae, subfamily Brachioninae from 
India. Arch. Hydrobiol., 61 : 482-483. 
Arora, H. C., 1966c. Cyclomorphosis (from variations) in some species of Indian 
Planktonic Rotatoria. Int. Rev. Ges. Hydrobiol., 51 : 623-632. 
Arora , H. C., 1966d. Rotifera as indicators of trophic nature of environment. 
Hydrobiologia 27: 146-159. 
280 
Arora, H. C., 1966e. Responses of Rotifera to variations in some ecological 
factors . Proc. Indian. Acad. Sci., 63 (B): 5Hl6. . 
Asha Nair, M., 1990. Ecology and Biocoenosis of the benthos in the Veli kaya l. 
M. Phil. Thesis, University of Kerala, Kerala. 
Assavaaree, M., Hagiwara, A. , Koyane, T. and Arimote, M., 2003. Effect of 
temperature on resting egg formation of the tropical 'ss ' type rotifer 
Brachionus"rotundiformis Tschugunoff. Fisheries Science 69: 520-
528 
Awaiss , A. , 1991 . Mass culture and nutritional quality of the freshwater rotifer 
(Brachionus calyciflorus P.) for gudgeon (Gobio gobio L.) and 
Perch (Perea f1uviatilis L.) larvae. Europ. Aquacult. Soc. Suppl., 15: 
113-115 
Awaiss, A. , Kestimont, P. and Micha, J . C., 1992. Nutritional suitability of the 
rotifer, Brachionus calyciflorus Pallas for rearing freshwater fish 
larvae, J. Appl. Ichthyol., 8: 263-270. 
Axelrod , H. R. and Sweeney, M. E., 1992. The Fascination of Breeding Aquarium 
Fish . (ed . Axelrod, H. R.) , T. F. H. Publication , USA, 448pp. 
Barahona-Fernades, M. H., 1979. Some effects of light intensity and photoperiod 
on the European seabass larvae, Dicentrarehus labrax (L.); reared 
at the Centre Oceanographique de Bretagne. Aquaculture 17: 311-
322. 
Barahona-Fernades, M. H. and Conan, G., 1981. Daily food intake of reared 
larvae of the European sea bass (Dicentrarchus labrax L) ; 
statistical analysis and modeling. Rapp. P. -v. Reun. Cons. Int. 
Explor. Mer. , 178: 41-44. 
Barrois , T. and Daday, E., 1893. Contribution a I' etude des Rotiferes de Syrie et 
description de quelques eSpElces nouvelles. Rev. boil. N. Fr., 6: 
391-409 
Barrios , T. and Daday, E., 1894. Adatok az Aegyptomi, Palestinai es Syriai 
Rotatoriak ismeretehez. Math. termesz. Ertes. Budapest., 12: 222-
242. 
Bathish, S. K., 1992. Rotifera. In: Freshwater zooplankton of India. Oxford and 
IBH publishing, C. Pvt. Ltd, pp.1-233. 
281 
Barlow, C. G., Rodgers , L. J. , Palmer, P. J . and Longhurst, C. J., 1993. Feeding 
habits of hatchery reared barramundi, Lates calcarifer (Bloch) fry. 
Aquaculture 109: 131 -144. 
Bartos , E., 1959. Vimici Rotatoria . Fauna CSR, 15: 1-969. 
Bayly, I. A. E., 1972. Salin ity tolerance and osmotic behavior of animals in a 
thalassic saline and marine waters . Annu. Rev. Ecol. Syst., 3: 233-
268. 
Beach, N. w., 1960. A study of the planktonic rotifers of the Ocqueoc River 
system, Presue Isle County, Michigan. Ecol. Monogr., 30: 339-357. 
Beatriz, E. M., 1998. Planktonic rotifers of Samborombon river basin (Argentina). 
Hydrobiologia 387/388: 259-265. 
BerziQs, B., 1955. Taxonomie und Verbreitung von Keratella valga und 
verwandten Formen. Ark. Zool. Ser., 2 (8): 549-559. 
BErziQs, B. and Pejler, B., 1987. Rotifer occurrence in relation to pH. 
Hydrobiologia 147: 107-116. 
BErziQs, B. and Pejler, B., 1989a. Rotifer occurrence in relation to temperature. 
HydrobioJogia 175: 223-231. 
BErziQs, B. and Pejler, B., 1989b. Rotifer occurrence in relation to oxygen 
content. HydrobioJogia 183: 165-172. 
BErziQs, B. and Pejler, B., 1989c. Rotifer occurrence ancj trophic degree. 
HydrobioJogia 182: 171-180. 
Beyer, J. E. , 1980. Feeding success of clupeoid fish larvae and stochastic 
thinking . Dana 1: 65-91 . 
Beyer, J. E. and Laurence, G. C., 1981. Aspects of stochastic in modeling 
growth and survival of clupeoid fish larvae. Rapp. P. -v. Reun. 
Cons. Int. Explor. Mer. , 178: 17-23. 
Bijoy Nandan, 1991 . Effect of coconut husk retting on water quality and biota of 
an aquatic biotope in Kerala . Ph. D. thesis, University of Kerala , 
Kerala . 
Bijoy Nandan, S. and 'Abdul Aziz, P. K., 1994. Zooplankton of the retting zones in 
Kadinamkulam estuary, Kerala. Magasagar 27 (1): 59-65. 
282 
Blaxter, J . H. S., 1975. The eyes of larval fISh. In: Vision in Fishes. (ed. M. A. Ali), 
Plenum Press , New York, pp. 427-443. 
Blaxter, J. H. S. and Staines , M., 1970. Pure-cone retina and retinomotor 
responses in larval teleosts. J. Mar. bioi. Ass. UK. , 50: 449-460. 
Boehlert, G. Wand Yoklavich, M. M., 1984. Carbon assimilation as a function 
ingestion rate in larval Pacific herring , Clupea harengus pallasi 
Valenciennes. J. Exp. Mar. Bioi. Ecol., 79: 251-262 . 
. '
Bogoslavasky, A. S., 1967. Materials to the study of the resting eggs of rotifers . 
Communication 2. Byull. Mask. Obshch. Ispyt. Prir., 72: 4~7 
Bolleter, W T. , Bushman, C. J . and Tidwell, P. W, 1961 . Ammonium Analysis . 
Analyt. Chem., 33: 592-594. 
Bory de SI. Vincent, J ., 1822. Dictionnaire class ique d'histoire naturelle, Vo1.2, 
Octavo, ParriS , 621pp. 
Brehm, V ., 1950. Freshwater fauna of India, Part-II. Rec. Ind. Mus. Calcutta 48: 
9-28. 
Brehm, V. , 1951 . Ein neuer Brachionus aus Indien (Brachionus donnen) . Zool, 
Anz., 146: 54-55. 
Brett, M. T., 1989. The rotifer communities of acid-stressed lakes of Maine. 
Hydrobiologia 186/187: 181-189. 
Bryce , D., 1931 . Report on the Rotifera: Mr. Omer-Cooper's investigation on the 
Abyssinian freshwaters . Proc. Zool. Soc. Land., 3: 865-878. 
Buckley, L. J. and Dillimann, D. W , 1982. Nitrogen utilization of larval summer 
flounder, Parallichthys dentatus (Linnaeus). J. Exp. Mar. Bioi. Ecol., 
59: 243-256 
Carlin , B., 1935. Rotatorien aus Mexico. Kgl. Fysiograf. S~ Uaskap. Lund. FOrn ., 
5: 1-11 
Carlin , B., 1943. Die Planktonrotatorien des Motalastrbm. Medd. Limmol. Inst. 
Lunds Univ., 5: 1-256. 
Carmona , M. J., Gomez, A. and Serra, M. , 1995. Mictic patterns of Brachionus 
plicatilis in small ponds. Hydrobiologia 313/314: 365-371 . 
283 
Chandra Mohan, P. and Rao, R. K., 1976. A note on the morphometric studies 
of the rotifer Brachionus angularis Gosse. Sci., Cult., 42: 512-519 
Chandrasekhar, S. V. A., 1998. Rotatorian and Cladocerans fauna of Manjira 
Lake, A. P., with a note on their abundance and indicator value. 
Proc. Acad. Environ. BioI., 7(1): 27-30 
Chaona, B. E., Duray, M. N. and Mara Sign, E. T., 1998. Growth and Survival of 
milkfish (Chanos chanos) , seabass (Lates calcarifer') and rabbit fish 
(Siganus guttatus) larvae reared at the same density in different 
sized tanks. The Israeli J. Aquacult. , 50: 20-24. 
Charin. N. N .• 1947. Ober die neue Art des Radertierchens aus der Gattung 
Brachionus. Doklady Akademii nauk, USSSR 56: 107-108. 
Chengalath. R. , Fernando. C. H. and Koste . w.. 1974. Rotifera from Sri Lanka 
(Ceylon) 3: New species and records with a list of Rotifera recorded 
and their distribution in different habitats from Sri Lanka. BUll. Fish. 
Res. Sri Lanka (Ceylon) 25: 83-96. 
Chotiyaputta. C. and Hirayama. K.. 1978. Food selectivity of the rotifer 
Brachionus plicatilis feeding on phytoplankton. Mar. Bio .. 45: 105-
111 . 
Ciros-Perez. P .. Gomez, A. and Serra. M .• 2001 . On the taxonomy of three 
sympatric sibl ing species of the Brachionus plicatilis (Rotifera) 
complex from Spain. with the description of Brachionus ibericus n. 
sp. J. Plankton Research 23 (12): 1311-1323 
Cohn. F .• 1862. Bemerkungen Ober Radertiere. III. Z. Wiss. Zool .• 12: 197-217. 
COOk. H. L. and Murphy. M. A. . 1969. The culture of larval penaeid shrimp. 
Trans. Am. Fish. Soc .• 4: 751-754. 
Cuvier. G., 1798. Tableau elementaire de I'histoire naturelle des animaux. Paris . 
Dabrowski. K. and Bardega. R. . 1984. Mouth size and predicted food size 
preferences of larvae of three cyprinid fish species. Aquaculture 40: 
41-46 
Daday. E .• 1883. Neue Beitrage zur Kenntn is der Raderthiere. Math. Naturw. 
Ber. Ungam .. 1: 261 -264. 
284 
Daday, E., 1885. Neue Tierarten aus der Susswasserfauna von Budapest. 
Termeszetr. Fuz., 9: 208-215. 
Daday, E., 1887. Uj-Guineai Rotaroriak. Math. Termesz. Elres., Budapest 15: 
131-148. 
Daday, E., 1897. Uj-Guineai Rotatoriak (Rotatoria novae Guineae). Math. 
Termesz. Ertesito , 15: 130-148. 
Daday, E., 1903. Mikroskopische Susswassertiere aus klainasien. Sitz. Ber. K. 
Akad . Wiss. Wien . Mathem.-natum. KI., 112: 139-167. 
Daday, E., 1905. Untersuchungen uber die Susswasser-Mikrofauna Paraguays, 
5, Rotatoria . Zoologica (Stuff.) 44: 87-130. 
Daems, G. and Dumont, H. J., 1974. Rotifers from Nepal, with the description of 
a new species of Scandium and a discussion of the Nepalese 
representatives of the genus Hexarthra. Bioi. Jb . Dodonaea, 42: 
61-81 . 
Das, S. M. and Akhtar, S., 1976. A survey of rotifers of Kashmir with new records 
of Palaeoarctic genera and species . Rotifer News 3: 9-1 2. 
De Beauchamp, P. M., 1907. Description de trois rotiferes nouveaux de la faune 
francaise. Bull. Soc. Zool. Fr., 32: 148-57. 
De Beauchamp, P. M., 1909. Recherches sur les rotiferes: las formations 
tegumentaires et I' appareil digestif. Arch. Zool. Exp. Gen., 10 (4): 
1-410 
De Beauchamp, P. M .. 1932. Reports on the Percy Siaden Expedition to some 
Rift Valley Lakes in Kenya in 1929. III. Rotiferes des: Lacs de la 
Vallee du Rift. Ann. Mag. Nat. Hist. ser .. 9 & 10: 158-165. 
De Beauchamp, P. M. , 1935. Sur les caracteres des deux sortes de femellas 
chez Asplanchna girodi de Gueme (rotifere). Compt. Rend. Soc. 
Bio., 120: 126-128. 
De Beauchamp, P. M .. 1939. Rotiferes et Turbellaries. Trans. Linn. Soc. Lond., 
3: 51-79. 
De Beauchamp, P. M. , 1952a. Unfacteur de la Variabllite chez les rotifers du 
genre Brachionus. C. r. heM. Seano. Acad.Sci., Paris 234: 573-
575. 
285 
De Beauchamp, P. M., 1952b. Variation chez les rotifers due genre Brachionus. 
C. r. hebd. Seano. Acad. Sci., Paris 235: 1355-1356. 
De Beauchamp, P. M., 1965. Classes' des Rotiferes. TraM Zool., 4: 1225-1379. 
Dendrinos, P. and Thorpe , J. P. , 1987. Experiments on the artificial regulation of 
the amino acid and fatty acid contents of food organisms to meet 
the assessed nutritional requirements of larval, post-larval and 
juvenile Dover sole (Solea solea L.). Aquaculture 61 : 121-154. 
De Mott, W. R. , 1986. The role of taste in food selection by freshwater 
zooplankton. Oecologia 69: 334-340. 
De Smet, W. H., 1996. Rotifera 4: The Proalidae (Monogononta). In: Guides to 
the identification of the microinvertebrates of the Continental waters 
of the World No: 9, SPB Academic Publishing , The Hague, The 
Netherlands, 102pp. 
De Smet, W. H., 1997. Rotifera 5: The Dicranophoridae (Monogononta). In: 
Guides to the identification of the microinvertebrates of the 
Continental waters of the World No: 12, SPB Academic Publishing, 
The Hague, The Netherlands, 344pp. 
De Ridder, M., 1959. Studies on brackish water rotifers V. Some rotifers from 
Weymouth harbour (British Channel). Hydrobiologia XIII (1-2): 128-
143. 
De Ridder, M., 1964. Enkele raderdiertjes uit de Spaanse Pyreneeen. Bio. Jaarb. 
Dodonaea 32: 185-201 . 
De Ridder, M., 1966. Rotifers from Nicaragua. Hydrobiologia XXVII (1-2): 238-
247. 
De Ridder, M., 1981 . Some considerations on the geographical distribution of 
rotifers. Hydrobiologia 85: 19-30. 
De Ridder, M., 1984. A review of the rotifer fauna of the Sudan. Hydrobiologia 
110: 113-130 
De Ridder, M. , 1987. Distribution of rotifer in Africa fresh and inland saline 
waters. Hydrobiologia 147: 9-14. 
De Ridder, M., 1991 . Additions to the Annotated checklist of non-marine rotifers 
from African inland waters . Rev. Hydrobiol. Trop., 24: 25-46. 
286 
Dhanapathi, M. V. S. S. S. 1973. On the occurrence of the rare rotifer Rotaria 
neptunia (Ehrenberg) in India. Curro Sci., 42: 770. 
Dhanapathi, M. V. S. S. S. 1974a. A new brachionid rotifer Platyias quadricomis 
andhranesis sub-sp. Nov. from India. Curr. Sci. , 43:358 . 
Dhanapathi, M. V. S. S. S. , 1974b. Rotifers from Andhra Pradesh, India-I. 
Hydrobiologia 45: 357-372. 
Dhanapathi, M. V. S. S. S., 1975. Rotifers from Andhra Pradesh, India. J. Linn. 
Soc. Zool., 57: 85-94. 
Dhanapathi, M. V . S. S. S., 1976a. Rotifers from Andhra Pradesh, India-II. Family 
Lecanidae including two new species. Hydrobiologia 48: 9-16 . 
Dhanapathi, M. V. S. S. S. , 1976b. Rotifers from Andhra Pradesh , India-III. 
Euchlanis brahmae sp . nov. with taxonomic notes on Indian 
species of the genus Euchlanis Ehrenberg . Mem. Soc. Zool. 
Guntur. , 1: 43-48 . 
Dhanapathi, M. V. S. S. S., 1977. Studies on the distribution of Brachionus 
ca/yciflorus in India. Arch. Hydrobiol. Beih ., 8: 226-229. 
Dhanapathi, M. V. S. S. S., 1978. New species of rotiter from India belonging 
to the family Brachionidae. J. Linn. Soc. Zool., 62: 305-308. 
Dieffenbach, H. and Sachse, R., 1911 . Biologische Untersuchungen an 
Radertieren in Teichge wasserh. Int. Rev. Ges. Hydrobiol. Hydrogr. 
Bioi. Suppl. Ser. , 3: 93-112. 
Doohan, M., 1973. An energy budget for adult Brachionus plicatilis Muller 
(Rotatoria). Oecologia (Bert) 13: 351-362. 
Donner, J ., 1943. Zur Rotatorien fauna Slidmahrens . Zool. Anz., 143: 21-33. 
Donner, J., 1949. HoraeJ/a brehmi nov. gen. nov. sp . Eine neue Radertier aus 
Indian. Hydrobiologia 2: 304-328. 
Donner, J. , 1953. Trichocera (Oiurel/a) ruttneri nov. sp. Eom Riidartier aus 
Insalinde, Indien unci clem Neusiedlersee. Osterr. Zool. Z., 4: 19-
22. 
Donner, J., 1956. 'Riidertiere (Rotatorien).'(Franck': Stuttgart.) [English 
translation (1996), Frederick Warne, London , pp. 1-80]. 
287 
Dowd, C. E and Houde, H. E., 1980. Combined effects of prey concentration and 
photoperiod on survival and growth of larval seabream, Archosargus 
rtJomboidalis (Sparidae) . Mar. Ecol. Prog. Oer., 3:181-185. 
Dunjardin, 1841 . Memoiresur un ver parasite. Ann. Sci. Natur., Zool. Ser. , 2: 1-
10. 
Dumont, H. J., 1977. Biotic factors in the population dynamics of rotifers. Arch. 
Hydrobiol. Beih ., 8: 98-122. 
Dumont, H. J. and de Ridder, M., 1987. Rotifers from Turl<ey. Hydrobiologia 147: 
65-73. 
Duncan, A., 1983. The influence of temperature upon duration of embryonic 
development of tropical Brachionus species (Rotifera). Oev. 
Hydrobiol., 12: 107-115. 
Du Trochet, R. H. T., 1812. Rechseches sur les rotiferes . Ann. Mus. Hist. Natur. 
Paris, 19: 1-13 
Dvorakov8, M. N., 1960. Einige neue und interessante Radertiere aus der 
Tschechoslovakei. Acta. Soc. Zool. Bohem., 24: 251-21 . 
Dvorakov8, M. N., 1963. Rotatorien des Flusses Yamuna (Indien). Vestnik. Acta. 
Soc. Zool., XXVII (3): 170-177. 
Eda, H., Murashige, R. , Oozeki, Y., Hagiwara, A. , Eastham, B., Bass, P. , 
Tamaru , C. S. and Lee, C. S., 1990. Factors affecting intensive 
larval rearing of striped mullet, Mugi/ cephalus. Aquaculture 91 : 
281-294. 
Edmondson, W. T. , 1944. Ecological studies of sessile Rotatoria. Part.1. Factors 
affecting distribution. Ecol. Monogr., 14: 31-66. 
Edmondson, W. T., 1959. Rotifera . In: Freshwater Biology. (ed . Ward , H. B. and 
Whipple, G. C.), Wiley, New Yorl<, pp. 42-429 
Edmondson, W. T., 1960. Reproductive rates of rotifers in natural populations. 
Memorie dellinstituto Italiano di Idrobiologia 12: 21-77 
Edmondson, W. T., 1965. Reproductive rate of planktonic rotifers related to food 
and temperature in nature. Eco. Monogr., 35: 61-111. 
Edmonson, W. T. , and Hutchinson, G. E., 1934. Report on Rotatoria. Yale North 
India Expedition . Art. IX. Connecticut Acad. Arts Sci., 10: 153-86. 
288 
Ehrenberg, C. G., 1830. Organisation , Systematik und geographisches 
VerMltniss der Infusionsthierrchen. In: Abh. Ak. Wissensch, Berlin , 
1 (for 1830), pp. 1-108. [in German] 
Ehrenberg, C. G., 1832. Zur Erkenntniss der Organisation in der Richtung des 
kleinsten Raumes.2: Entwickelung, Lebensdauer und Structur der 
Magenthiere und Raderlhiere, oder sogenannten Infusorien, nebst 
einer physiolog ischen Characteristik beider Klassen und 412 Arlen 
derselben. In: Abh . Akad. WlSsensch, Berlin, 2 (For 1831), pp. 1-
154. [in German] 
Ehrenberg , C. G., 1834. Beitrag zur Erkenntniss grosser Organisation in der 
Richtund des kleinsten Raumes . 3. In : Abh. Akad . Wissensch , 
Berlin , 3 (For 1833), pp. 145-336. [in German] 
Ehrenberg , C. G., 1837. Zusatze zue Erkenntniss grosser organischer 
Ausbildung in den kleinsten thierischen Oraganismen. In: Abh . 
Akad . Wissensch , Berlin , 4 (For 1835), pp . 151-180. [in German] 
Ehrenberg , C. G., 1838. Die Infusionsthierchen als vollkommene Organismen. In: 
Ein Blick in das tiefere organische Leben der Natur. Folio, Leipzig, 
pp.1-112. [in German] 
Ehrenberg , C. G., 1853. Uber die neuerlich bei Berlin vorgekommenen neuen 
Formen des mikroskopischen Lebens. In: Mber. Akad. Wissensch, 
Berlin, 5, pp 183-194. [in German] 
Emmerson, W D., 1980. Ingestion, growth and development of Penaeus indicus 
larvae as a function of Thalassiosira weissfiogii cell concentration. 
Mar. BioI., 58: 65-73. 
Emmerson, W. D., 1984. Predation and energetics of Penaeus indicus 
(Decapoda: Penaeidae) larvae feeding on Brachionus plicatilis and 
Artemia nauplii. Aquaculture 38: 201-209. 
Epp, R. W and Winston , P. W , 1978. The effects of salinity and pH on the 
oxygen consumption and activity of Brachionus plica/ilis (Rotatoria). 
Compo Biochem. Physiol. , 59: 9-12. 
Erman, L. A., 1962a. On the quantitative aspect of feed ing selectivity of food in 
the plankton rotifer Brachionus calyciflorus Pallas . Zool. Zh., 41 : 34-
38. 
289 
Erman, L. A. , 1962b. Cyclomorphosis and feeding of plankton Rotifera. Zool. Zh., 
41 : 998-1003. 
Esparcia, A. M. , Miracle, R. and Serra , M., 1989. Brachionus plicatilis tolerance 
to low oxygen concentration. Hydrobiologia 186/187: 331-337. 
Fadeew, N. N., 1925a. Sur la connaissance de la fauna de lacsdu Transcucasie. 
Raboty sev. Kavkazskoj . Gidiobiol. StancH., 1: 17-25 
Fadeew, N., 1925b. Das Radertier Brachionus forficula Wiersz. Und seine 
Varietaten . Zool. Anz., 64: 285-93. [in Russian) 
Fadeew, N., 1927. [Material on the Rotifera of the USSR.] Tr. Khar'kov. Obshch. 
Prirod., 50: 141-55. [in Russian .] • 
Femando, C. H. and Nora, P. Z. , 1981. The Rotifera of Malaysia and Singapore 
with remarks on some species . Hydrobiologia 78: 205-219. 
Fu, Y., Hirayama, K. and Natsukari, Y., 1991a. Morphological difference between 
the two types of the rotifer Brachionus plicatilis O. F. Mulier. J. Exp. 
Mar. Bio/' Ecol., 151: 29-41 . 
Fu, Y ., Hirayama, K. and Natsukari, Y., 1991b. Genetic divergence between S 
and 'L' type strains of the rotifer Brachionus plicatilis O. F. Mulier. 
J. Exp. Mar. BioI. Eco/. , 151 : 43-56. 
Fu, Y., Hagiwara, A. and Hirayama, K., 1993. Crossing between seven strains of 
the rotifer Brachionus plicatilis. Nippon Suisan Gakk., 59: 2009-
2016. [in Japanese with English summary] 
Fujita , S., 1979. Cu~ure of red sea bream, Pagrus major, and its food . Cultivation of 
fish fry and its live food Spec. Pub/. Europ. Maricult. Soc., 4: 183-197. 
Fukuhara, 0 ., 1983. Effects of prey density on the swimming behaviour of larval 
black porgy, Acanthopagrus schlegeli (Beeker). Bull. Nansei Reg. 
Lab., (15): 97-101 . 
Fukusho, K. , 1983a. Present status and problems in culture of the rotifer 
Brachionus plicatilis for fry production of marine fishes in 
Japan. Symposium on Intemational Aquaculture, Conquimbo, 
Chile, Sept. 1983, pp. 361-373. 
290 
Fukusho, K., 1983b. Morphology and variability in the rotifer Brachionus plicatilis 
In: Biology and mass culture of rotifers (ed . Suisan, N. K, and 
Koseisha, K.) Tokyo, pp. 35-51 . [In Japanese) 
Fukusho, K. and Okauchi, M. , 1982. Strain and size of the rotifer, Brachionus 
plicatilis , being cultured in Southeast Asian countries. Bull. NatRes. 
Inst. Aquacult. , 3: 107-109. 
Fukusho, K., and Okau<;hi, M., 1983. Sympatric in natural distribution of two 
strains of a rotifer, Brachionus plicatilis. BUll. Nat Res. Inst. 
Aquacult. , 4: 135-138. 
Fukusho, K. and Okauchi, M., 1984. Seasonal isolation between two strains of 
rotifer Brachionus plicatilis in an eel-Gu~ure pond. Bull. Jpn. Soc. 
Sci. Fish ., 50: 99-109. 
Fukusho, K. , Okauchi, M., Tanaka, H., Wahyuni, S. I. , Kraisingdecha, P. and 
Watanabe, T. , 1985. Food value of a rotifer Brachionus plicatilis, 
cu~ures with Tetraselmis tetrathele for larvae of a flounder 
Paralichthys olivaceus. Bull. Natl. Res. Inst. Aquaculture 7: 29-36. 
Fulton, R. S. and Paerl, H. W , 1987. Toxic and inhibitory effects of the blue-
green algae Microcystis aeruginosa on herbivorous zooplankton . J. 
Plankton Res ., 9: 837-855. 
Galkovskaya, G. A., 1983. On temperature acclimation in an experimental 
population of Brachionus calycmorus. Hydrobiologia 104: 225-227. 
Galkovskaya, G. A. , 1987. Planktonic rotifers and temperature. Hydrobiologia 
147: 307-317. 
Gammon, J. and Stemberger, R. S., 1978. Zooplankton (especially crustaceans 
and rotifers) as indicators of water quality. Trans . Amer. Microsc. 
Soc., 97: 16-35. . 
Gatesoupe, F. J. and Luquet, P., 1981 . Practical diet for mass culture of the 
rotifer Brachionus plicatilis: application to larval rearing of sea bass 
Dicentrarchus labrax. Aquaculture 22: 149-163. 
George, M. G., 1961 . Observations on the rotifers from shallow ponds in Delh i. 
Curro Sci., 30: 268-269. 
George, M. G., 1966a. Cyclomorphosis in a plankton rotifer Keratella tropica 
Apstein. CUff. Sci., 35(3): 67-68. 
29 1 
George, M. G ., 1966b. Comparative plankton ecology of the five fish tanks in 
Delhi, India. Hydrobiologia 27: 18-108. 
George Thomas , 1996. Comparative studies on the ecology of mangrove 
communities along backwater system of Kerala. Ph. D. thesis, 
University of Kerala , Kerala. 
Gilbert, J . J ., 1991 . Rotifera : In: Reproductive biology of microinvertebrates Vo.3: 
Oogenesis , . oviposition and Oosorption. (ed . Adiyodi , K. G . and 
Adiyodi, R. G .), Wiley and Sons , pp. 230-263. 
Gilbert, J. J., 1996. Effect of food availability on the response of planktonic 
rotifers to a toxic strain of the cyanobacterium Anabaena "os-
aquae. Limnol. Oceanogr., 41 : 1565-1572. 
Gillard , A. A ., 1948. De Brachionidae van Belgie met Beschouwingen over de 
Taxonomie van de Familie. Natuurwet. Tijdschr., 30: 159-218. 
Gillard , A. A. , 1967. Rotifers de I' Amazonie. Bull. Insf. R. Sci. Nat. Belg., 43: 1-
20. 
Gliwicz, Z . M., 1969a. Studies on the feeding of pelagic zooplankton in lakes with 
varying trophy. Ekol. Po/. Ser., 17(A): 663-707. 
Gliwicz, Z . M., 1969b. The share of algae, bacteria and detritus in the food of the 
pelagic zooplankton of lakes with various trophic characteristics. 
Bull. Acad. Pol. Sci. C/., 17(21): 159-165. 
Golterman, R. S. and Clymo, M., 1978. Methods for physical and chemical 
analysis of freshwaters . International Biological Programme, Hand 
book, No.8, 143pp. 
Gomez, A . and Serra, M. , 1995. Behavioral reproductive isolation among 
sympatric strains of Brachionus plicatilis Muller 1786: insights into 
the status of th is taxonomic species. Hydrobiologia 313/314: 111-
119. 
Gopakumar, G., 1998. Studies on brackishwater rotifers of Kerala with special 
reference to Brachionus plicatilis O. F. Muller as live feed for 
aquaculture. Ph .D. thesis , University of Kerala, Kerala. 
Gopakumar, G., Rani Mary George and Jasmine, S., 2000. Hatchery production 
of clown fish Amphiprion chrysogaster (= sebae) . In: Proceeding 
292 
Symposium on Eco-friendly mariculture technology packages. An 
update, MBAI, Mandapam, 25-26, April 2000, Abstract No: 111 : 4. 
Gosse, P. H., 1851. A catalogue of Rotifera fond in Britain, with descriptions of 
five new genera and thirty-two new species . Ann. Mag. Nat. Hist. 
ser, 2 (8): 197-203. 
Gosse, P. H., 1887. Twenty-four more new species of Rotifera. J. R. Micros. Soc. 
Ser. , 27 : 861-71 . 
Govindasamy, C., 1988. Planktonic Rotatoria of the Pitchavaram Mangrove 
(India): Systematics and Ecology, M. Phil. Thesis , Annamalai 
University, India. 
Govindasamy, G and Kannan, L. , 1991 . Rotifers of the Pitchavaram mangroves 
(south east coast of India): A hydrobiological approach. Magasagar 
24 (1): 39-45 . 
Govoni, J. J., Peters, D. S. and Merriner, J. V., 1982. Carbon assimilation during 
larval development of the marine teleost Leiostomus xanthurus 
Lacepede. J. Exp. Mar. BioI. Eco/., 64: 287-299. 
Green, J. , 1972a. Freshwater ecology in the Mato Grosso, Central Brazil. III. 
Associations of Rotifera in Meander lakes of the Rio Suia Missu. J. 
Nat. Hist., 6: 229-241 . 
Green, J., 1972b. Latitudinal variation in associations of planktonic Rotifera. J. 
zool. , 167: 19-31 . 
Green, J. , 1980. Asymmetry and variation in Keratella tropica. Hydrobi%gia 73: 
241 -248. 
Green, J. , 1987. Keratella coch/earls (Gosse) in Africa. Hydrobi%gia 147: 3-8 
Girin. M., 1974. Regime alimentaire et pourcentage de surviechez la larve de 
sole (So/ea so/ea L.). Aetes de Colloques, C. N. E. X. 0 ., (1): 
175-185. 
Girin, M., 1975. La ration alimentaire dans I'elevage larvaire du bar, 
Dieentrarchus /abrax (L.). In: 10th European Symposium on Marine 
Biology, Ostend, Belgium, Sept. 1975, pp. 171-188. 
293 
Guisande, C. and Mazuelos, N., 1991 . Reproductive pattem of Brachionus 
calycifforus Pallas at different food concentrations . J. Plankton 
Res., 13: 279-286. 
Hada, Y. , 1937. Rotifers from Mongolian salt lakes. Science 7: 579-580. 
Haberman, J. and Sudzuki, M., 1998. Some notes on Brachionus rotundiformis 
(Tschugunoff) in Lake Palaeostomi. Hydrobiologia 388: 333-340. 
Hagiwara, A. , Lee, S. S. , Miyamoto, G. and Hino, A. , 1989. Resting egg 
formation and hatching of the S-type Brachionus plicatilis at varying 
salinities. Mar. Bioi. , 103: 327-332. 
Hagiwara, A. , Kotani , T., Snell, T. w., Assava-Aree:M. and Hirayama, K. , 1995. 
Morphology, reproduction, genetics and mating behavior of small 
tropical marine Brachionus strains (Rotifera) . J. Exp. Mar. Bioi. 
Eco/. , 194: 25-37. 
Hagiwara, A , Oozeki, Y. and Lee C. S., 1996. Effect of food densities on the 
survival and growth of milkfish Chanos chanos larvae. Susain 
Zoshoku., 44: 105-112. 
Halbach, U., 1973. Life table data and population dynamics of the rotifer 
Brachionus calycifforus Pallas as influenced by periodically 
oscillating temperatures . In: Effects of temperature on Ectothermic 
organism'. (ed. Wieser. W.), Springer, Berlin , pp. 217-288. 
Halbach, U., 1974. Modelle in der Biologie. Naturwiss. Rundsch., 27: 3-15 . 
Harikrishnan, K., 1993. Zooplankton ecology of certain aquatic biotopes in 
Kerala. Ph. D. thesis , University of Kerala, Kerala. 
Harring, H. K., 1913. Synopsis of the Rotatoria. Bull. Am. Nat. Hist. Mus., 81 : 1-
226. 
Harrin·g, H. K and Myers , F. J., 1926. The rotifer fauna of Wisconsin, III. A 
revision of the genera Lecane and Monostyla . Trans . Wis. Acad. 
Sci. Arts and Lett., 22: 315-423. 
Hartmann, 0 ., 1920. Studien uber den Polymorphismus der Rotatorien. Arch. 
Hydrobiol. , 12: 209-264. 
Hauer, J ., 1925. Rotatorien aus den Salzgewassem von Oldesloe. Mitt. Geogr. 
Ges. Nat. Hist. Mus. LObeck, II., 30: 152-195. 
294 
Hauer, J., 1936. Neue Rotatorien aus Indien I. Zoof. Anz., 116: 77-80. 
Hauer, J., 1937a. Neue Rotatorien aus Indien II. Zool. Anz., 119: 284-288. 
Hauer, J., 1937b. Neue Rotatorien aus Indien III . Zool. Anz., 120: 17-19. 
Hauer, J., 1937c.Die Rotatorien von Sumatra, Java und Bali nach den 
Ergebnissen Der Deutschen Limnologischen Sunda-
Expedition.· I. Arch Hydrobiol. Suppl., 7: 296-384. 
Hauer, J., 1938. Die Rotataoien von Sumatra Java and Bali, nach den 
Ergebinssen der Deutschen Limnologischen Sunda - Expredition. 
II. Arch. Hydrobiolo. Suppl., 15: 507-{502 . 
• 
Hauer, J., 1953. Zur Rotatorienfauna von Nordostbrasilien. Ach. Hydorbiol., 48: 
154-172. 
Hauer, J., 1956. Ein neuer Brachionus (Rotatoria) aus Venezuela. Beitr. Naturk. 
Forsh. SW-Deutschl., XV (I): 63-64. 
Hauer, J., 1957. Rotatorien aus dem Plankton des Van- Sees. Arch. Hydrobiol., 
53: 23-29 
Hauer, J., 1959. Raumparasitische Rotatorien aus der Kienmenhohle des 
Steinkrebses. Beir. Naturk. Forsh. SW-Deutschl., XVIII (I): 92-105. 
Hauer, J., 1963. Zur Kenntnis der Radertiere (Rotatoria) von Agypoten. Arch. 
Hydrobiol., 59: 162-195. 
Hauer, J., 1965. Zur Rotatorienfauna des Amazonasgebietes. Int. Rev. ges. 
Hydrobiol., 50: 289-341 . 
Helps, S., 1982. An examination of prey size selection and its subsequent effect 
on survival and growth of larval gmhead seabream (Sparus aurata). 
M. Sc. theSis , Plymouth Polytechnic , UK, 50pp. 
Hempel, A. , 1896. Description of new species of Rotifera and Protozoa from the 
Illinois River and adjacent waters . Bull. III. St. Lab. Nat. Hist., 4: 
310-317. 
Hermann. J., 1783. Helminthologische Bemerkungen. Zweytes Stuck 
Naturforscher Halle. , 19: 31-59. 
295 
Herzig , A., 1983. Comparative studies on the relationships between temperature 
and duration of embryonic development of rotifers. Hydrobiologia 
104: 237-246. 
Herzig, A. , 1987. The analysis of planktonic rotifer populations : A plea for long-
term investigations. Hydrobiologia 147: 163-180. 
Hino, A. and Hirano, R., 1980. Relationship between body size of the rotifer 
Brachionus plicatilis and the maximum size of particles ingested . 
Nippon Suisan Gakkaishi 46: 1217-1222. 
Hirayama, K., 1985. Biological aspects of the rotifer Brachionus plicatilis as food 
organism for mass culture of seedling. Coli. Fr. Jpn. Oceanogr., 8: 
41-50. ' 
Hirayama, K. and Kusano, T., 1972. Fundamental studies on physiology of rotifer 
for its mass culture-II. Influence of water temperature on population 
growth of rotifer. Bull. Jap. Soc. Sci. Fish ., 38: 1357-1363. 
Hirayama, K. and Ogawa, S., 1972. Fundamental studies on physiology of rotifer 
for its mass culture-1 . Filter feeding of rotifers. Bull. Jap. Soc. Sci. 
Fish., 38: 1207-1214. 
Hirayama, K. and Watanabe, K. , 1973. Fundamental studies on physiology of 
roliter for its mass culture-IV. Nutritional effect of yeast on 
population growth of rotifer. Bull. Japan. Soc. Sci. Fish ., 39: 1129-
1133. 
Hirayama, K. and Nakamura, K., 1976. Fundamental studies on the physiology of 
rotifers in mass culture-V. Dry Chlorella powder as food for rotifers . 
Aquaculture 8: 310-3Q7. 
Hirayama, K. and Rumengan , I. F. M., 1993. The fecundity pattems of 'S' and 'L' 
type rotifers of Brachionus plicatilis. Hydrobiologia 255/256: 153-
157 
Hirayama, K., Watanabe, K. and Kusano, T., 1973. Fundamental studies III. 
Influence of phytoplankton density on population growth of rotifer. 
Bull. Jap. Soc. Sci. Fish. , 39: 1123-1127. 
Hirayama, K., Takagi, K. and Kimura, H., 1979. Nutritional effect of eight species 
of marine phytoplankton on population growth of the rotifer 
Brachionus plicatilis. BUll. Japan. Soc. Sci. Fish ., 45: 11-16. 
296 
Hirata, H., 1979. Rotifer culture in Japan. In: Cultivation of fish fry and its live 
food . (ed . Styczynska, E. J., Backiel, T., Jaspers, E. and Persoone, 
G). European Mariculture Society special publication, No: 4, pp. 
361-375. 
Hirata, H., 1980. Culture methods of the marine rotifer Brachionus plicatilis. Min. 
Rev. Data File Res., 1:27-46 . 
Hirata, H., Mori, Y. and Watanabe, M., 1975. Rearing of prawn larvae Penaeus 
japonicus, fed soy-cake particles and diatoms. Mar. Bio ., 28: 9-13. 
Hirata, H. , Anastasios, M. and Yamasaki, 1985. Evaluation of the use of 
Brachionus plicatilis and Artemia nauplii for rearing prawn Penaeus 
japonicus larvae on a laboratory scale.' Mem. Fac. Fish. Kagoshima 
Univ., 34: 27-36. 
Hofmann, W., 1977. The influence of abiotic environmental factors on population 
dynamics of planktonic rotifers. Arch. Hydrobiol., 24: 329-341 . 
Hofsten N. von. , 1912. Marine, litorale Rotatorien der skandinavischen 
Westkuste. Zool. Bidr. Uppsala, 1: 163-228. 
Holiowday, E., 1949. A preliminary report on the Plymouth marine and brackish 
water Rotifera . J. Mar. BioI. Assoc. U. K. , 28, 239-53. 
Hood, J., 1893. Three new rotifers . J. Quekett Micr. Club, Land., 2 (5): 281 -283. 
Hudinaga, M., 1942. Reproduction , development and rearing of Penaeus 
japonicus Bate. Jap. J. Zool., 10: 305-393. 
Hudinaga, M and Kittaka , J., 1967. The large scale production of young Kumura 
prawn, Penaeus japonicus (Bate). In : Bull. Planktol. Jpn ., 
Commemortion , Dr. Matsue's 6O'h Birthday, pp.35-46. 
Hudson, C. T. and Gosse, P. H., 1886-1889. 'The Rotifera or Wheel-animalcules , 
both British and foreign.' Vol. 1 & 2, Longman, London , Green 7 
Co., 272pp. 
Hughes, E. 0 ., Gorham, P. R. and Zehnder, A. , 1958. Toxicity of a unialgal 
culture of Microcystis aeruginosa. Can. J. Microbio., 4: 225-236 
Hunter, J. R., 1980. The feeding behaviour and ecology of marine fish larvae. In : 
Fish behaviour and its use in the capture and culture of fishes . (ed . 
297 
Bardach, J. E., Magnuson, J. J., May, R. C. and Reinhart, J. M), 
ICLA.RM Conf. Proc., 5, Manila, Philippines, pp. 287-330. 
Hunter, J. R and Kimbrell, C. M., 1980. Early life history of Pacific mackerel 
Scomber japonicus. Fish. Bull. , 78: 89-102. 
Hussain, N. A. and Hiquchi, M., 1980. Larval rearing and development of the 
brown spotted grouper Epinephelus tauvina (Forskaal). Aquaculture 
19(4): 339-350. 
Hutchinson, G. E., 1967. A treatise on limnology, II. Introduction to Lake biology 
and the limnoplankton, John Wiley & Sons, New York, 1155pp. 
Hyman, L. H., 1951 . The invertebrates: Acanthoc'ephala, Aschelminthes and 
Entoprocta. The pseudocoelomate, Bilateria, Vol. III , McGraw-Hili 
Book Company, New York, 572pp. 
lan, C. D., Green, J. D., Thompson, K. and Shiel, R. J., 1998. Rotifers in relation 
to littoral ectone structure in Lake Rotomanuka, North Island, New 
Zealand. Hydrobiologia 387/388: 179-197. 
Ignacio, A. P. and Martinez, R. R. , 1998. Effect of temperature and food 
concentration in two species of littoral rotifers . Hydrobiologia 
387/388: 341-348 
Irena, B. G., 1983. The effect of biotic and abiotic factors on the occurrence of 
planktonic rotifers (Rotatoria) in the Planwniwice Dui e reservoir 
(Upper Siles ia, Poland). Acta hydrbiol., 25/26: 173-180. 
I ~ ik , 0 ., Sarihan, E., Ku~vuran , E., GOI, O. and Erbatur, 0 ., 1999. Comparison of 
the fatty acid composition of the freshwater fish larvae Tilapia zillii, 
the rotifer Brachionus calyciflorus, and the microalgae 
Scenedesmus abundans, Monoraphidium minitum and Chlorella 
vulgaris in the algae-rotifer-fish larvae food chains . Aquaculture 
174: 299-311 . 
Ito, T., 1960. On the culture of mixohaline rotifer Brachionus plicatilis O. F. Muller 
in seawater. Rep. Fac. Fish. Perfect. Unive. Mie., 3: 708 -740. 
Ito, S. , Sakamoto, H., Hori, M. and Hirayama, K., 1981 . Morphological characters 
and suitable temperature for the growth of several strains of a 
rotifer, Brachionus plicatilis . Bull. Fac. Fish. Nagasaki Univ., 51 : 9-
16. 
298 
James, C. M. and Rezeq , T. S. A., 1988. Effect of different cell densities of 
Chlorella capsulate and marine Chlorella sp. for feeding the rotifer 
Brachionus plicatilis. Aquaculture 69: 43-56. 
James, C. M. and Rezeq , A. T. S. , 1989. Prcx:luction and nutritional quality of two 
small-sized strains of the rotifer Brachionus plicatilis. J. World 
Aquacultur. Soc., 20 (4): 261-267. 
James, C. M., Bou-Abba~ , M., AI-Khars, A.M., AI-Hinty, S. and Salman, A. E., 
1983. Production of the rotifer Brachionus plicatilis for aquaculture 
in Kuwait. Hydrobiologia 104: 77-84. 
Jiakin , Y. and Xiangfei , H., 1998. The effect of algae on the reproduction of rotifer 
Brachionus calycitlorus (Rotatoria). J. Lake Sci., 10 (1): 42-48. 
Joost, G. and SchlUter, M., 1981 . Mass prcx:luction of freshwater rotifers on liquid 
wastes II. Mass production of Brachionus rubens (Ehrenberg , 1838) 
in the effluent of high-rate algal ponds used for the treatment of 
piggery waste. Aquaculture 25: 25-33. 
Jyoti, M. K. and Sehgal. H., 1979. Ecology of rotifers of Surinasar, a subtropical, 
freshwater lake in Jammu (J & K). India. Hydrobiologia 65: 23-32. 
Jyoti, M. K. and Sehgal, H., 1980. Rotifer fauna of Jammu (J & K), India. Part 1: 
Loricates . Limnologica 12: 121-126. 
Juario, J. V ., Duray, M. N., Duray, V. M., Nacario, J. F. and Almendras , J. M. E., 
1984. Induced breeding and larval rearing experiments with milk 
fish Chanos chanos (Forskal) in the Philippines. Aquaculture 36:61 -
70. 
Kabay, M. E. and Gilbert, J. J., 1978. Polymorphism in the rotifer Asplanchna 
sieboldi: intensity of the bcx:ly wall outgrowth responses to 
temperature, food density, pH and osmo-regularity differences. 
Arch. Hydrobiol., 83: 377-390. 
Kannan, L. and Govindasamy, C., 1991 . Rotifers of Porto-Novo. Centre of 
Advanced study in marine biology, Annamali University, 48pp. 
Kant, S. and Raina, A. K. , 1970. Limnological study of two ponds in Jammu II. 
Physico-chemical parameters . J. Environ. Bioi., 2: 137-144. 
Karabin, A., 1983. Ecological characteristics of lakes in north-eastem Poland 
versus their trophic grad ient. VII. Variations in the quantitative and 
299 
qualitative structure of the pelagic zooplankton (Rotatoria and 
Crustacea) in 42 lakes. Ekol. Pol., 31 : 383-409. 
Kaushik, S. and Saksena, D, N., 1991 . Zooplanktonic fauna of five water bodies 
in Bhopal, Madhya Pradesh. Environment and Ecology 9(1): 298-
299. 
Kaushik, S. and Saksena, D. N., 1995. Trophic status and rotifer fauna of certain 
water bodies .in Central India. J. Environ. Bioi., 16(4): 283-291 . 
Kellicott, D., 1879. A new rotifer. Amer. J. Micr. Pop. Sci., N. Y., 4: 19-20. 
Klement, V., 1955. Gber eine Missbildung be idem Radertier Keratella cachlearis 
u. iiber eine neue Form von K. quadrata.' lool. Anz., 115: 12-18 
King, C. E., 1967. Food, age and dynamics of a laboratory population of rotifers . 
Ecology 48: 111-128 
King , C. E., 1972. Adaptation of rotifers to seasonal variation . Ecology 53: 408-
418. 
King , C. E., 1977. Genetic of reproduction, variation and adaptation in rotifers . 
Arch. Hydrobiol. Physiol. lool., 43: 206-212 
King, C. E. and Miracle, M. R., 1980. A perspective on aging in rotifers. 
Hydrobiologia 73: 13-19. 
King, C. E. and Serra , M., 1998. Seasonal variation as determinant of population 
structure in rotifers reproducing by cyclical parthenogenesis. 
Hydrobiologia 387/388: 361-372 
King , J. M., Liang , X. and Rusch , K. A., 2002. Nutritional properties of the marine 
rotifer Brachionus plicatilis fed the freshwater microalgae 
Selenastrum capricomutum. J. Worfd Aquacult. Soc., 33 (4): 478-
488. 
Kinne , 0 ., 1963. The effects of temperature and salinity on marine and brackish 
water animals. 1. Oceanogr. Mar. Bioi. Ann. Rev., 1: 310-340. 
Kinne, 0 ., 1964. The effects of temperature and salinity on marine and brackish 
water animals 2. Oceanogr. Mar. Bioi. Ann. Rev., 2: 257-268 
300 
Kittaka, J., 1976. Food and growth of Penaeid shrimp. In : Proceedings of the first 
Intemational Conference in Aquaculture Nutrition (ed. Price, J. S., 
Shaw, W. N. and Danberg , K. S.), Newark, Delaware, pp. 249-285. 
Kolios , P., Kiritsis. S. and Katribusas . N., 1997. Larval rearing and grow out of 
the red porgy (Pagrus pagrus) in the Riopesca hatchery (Greece). 
Hydrobiologia 358: 321-325 
Korstad, J. , Olsen, Y. ar)d Vadstein , 0 ., 1989a. Life-history characteristics of 
Brachionus . plicatilis (Rotifera) fed different algae. Hydrobiologia 
186/187: 43-50 
Korstad , J ., Vadstein , O. and Olsen, Y., 1989b. Feeding kinetics of Brachionus 
plicatilis fed Isocrysis galbana. Hydrobiologia 186/187: 51-57 
Koste, w. , 1974. Rotatorien aus einem Ufersee des unteren Rio Tapajas , dem 
Lago Paroni (Amazonien). Gewass. Abwass., 53: 43-68. 
Koste, w. , 1978. Rotatoria . Die Radertiere Mitteleuropas berglindet von Max 
Voigt. Monogononta, Gebr. Borntraeger, 2. Auff. 1. Textband, 
673pp, II. Tefelband , 234 taf. [in German] 
Koste, w. , 1979. New Rotifera from the River Murray, south-eastern Australia, 
with a review of the Australian species of Brachionus and Keratel/a. 
Aust. J. Mar. Freshw. Res., 30: 237-53. 
Koste , w., 1981. Zur Morphologie , Systematik und Okologie von neuen 
monogononten Radertieren (Rotatoria) aus dem 
Uberschwemmungsgebiet des Magela Ck in der Alligator River 
Region, Aistraliens, N. T. I. OsnabrOkerNaturwiss. Mitt., 8: 97-126. 
Koste , W., 1988. Rotatorien aus Gewasser am Mittleren Sungai Mahakam, 
einem Oberschwemmungsgebiet in E-Kalimantan, Indonesian 
Borneo. Osnabrock. Naturwiss. Mitt., 14: 91-136. 
Koste , Wand Shiel, R. J ., 1980a. On Brachionus dichotomus Shephard , 1911 
(Rotatoria: Brachionidae) from the Australian reg ion , with a 
description of a new subspecies , Brachionus dichotomus reductus. 
Proc. R. soc. Vic., 91 : 127-34. 
Koste, Wand Shiel, R. J., 1983. Morphology, systematics and ecology of new 
monogonont Rotifera from the Alligator Rivers reg ion , Northem 
Territory. Trans. R. Soc. Aust. , 107: 109-1Z1 
301 
Koste , Wand Poltz, j ., 1987. Ober die Riidertiere (Rotatoria, Phylum 
Aschelminthes) des Alfsees, eines Hochwasser ROckhltwbwckens 
der Hase, NW Deutschland, FRG. Osnabriicker Natruwiss. Mitt., 
13: 185-220. 
Koste, W , and Shiel, R. j ., 1987. Rotifera from Australian Inland waters II. 
Epiphanidae and Brachionidae (Rotifera: Monogononta). Invertebr. 
Taxono., 7: 949-1021 . . 
Koste, W. and Shiel, R. j ., 1989. Classical taxonomy and modern methodology. 
Hydrobiologia 186/187: 279-284. 
Koste, Wand Shiel, R. j ., 1991 . Rotifera from Australian inland waters . VII. 
Notommatidae (Rotifera: Monogononta) Trans. R. Soc. S. Aust., 
115:111-159. 
Koste, W , Shiel, R. j . and Brock, M. A. , 1983. Rotifera from Westem Australian 
wetlands with descriptions of two new species . Hydrobiologia 104: 
9-17. 
Korunuma, K. and Fukusho, K., 1987. Rearing of marine fish larvae in japan. 
IDRC, Ottawa, Canada, 109pp. 
Kraul. , S., 1993. Larviculture of the mahimahi Coryphaena hippurus in Hawaii , 
USA. J. World. Aqua. Soc., 24: 410-421 . 
Kurokura, H., Paez, M. E. C. and Kasahara, S., 1991 . The population growth of 
a rotifer Brachionus plicatilis and life history of amictic females. 
Bull. Jap. Soc. Sci_ Fish., 57: 1629-1634. 
Kutikova, l. A. , 1970. [Rotifer fauna of the USSR, Subclass Eurotatoria.] Fauna 
CCCP 104:1-744. [In Russian] 
Laal, A. K. and Nasar, S. A. K., 1977. Rotifer fauna of Bihar. India. Bangladesh J. 
Zool., 5: 127-128. 
LanSing, A. I. , 1942_ Some effects of hydrogen ion concentration , total salt 
concentration, calcium and citrate on longevity and -fecundity of 
rotifer. J. Exp. Zool., 91 : 195-211 . 
Lasker, R., Feder, H. M_, Theilacker, G. H. and May, R_ C., 1970_ Feeding, 
growth and survival of Engraulis mordax larvae reared in the 
laboratory. Mar. Bio_, 5: 345-353. 
302 
Lauterbom, R , 1893. Beitrage zur Rotatorienfauna des Rheins und Seiner 
Altwasser. Zool. Jahrb. Abt. Syst., 7: 254-273. 
Lauterbom, R., 1894. 'Ueber die Winter fauna einiger Gewasser der 
Oberrheinebene. Mit. Beschreibungen neuer Protozoen'. BioI. 
Cent. , 14: 390-398. 
Lauterbom, R , 1898. Vorlaufige Mittheilung uber den variationskreis von 
Anuraea coch/earis Gosse. Zoo/. Anz., 21 : 597-604. 
Lauterbom, R., 1900. Der Formenkreis von Anuraea coch/earis I. Ver. Naturwiss. 
Med. Ver. Heide/berg., 6: 412-448. 
Lauterbom, R , 1903. Der Formenkreis von Anuraea.coch/earis. Ein. Beitrag zur 
Kenntnis der variabilitat bei Rotatorien. II. Teil : Die cyclische oder 
temporale variation von Anuraea coch/earis. Verh. Naturh. Med. 
Ver. Heide/b. N. F., 7: 529-621 . 
Lavens , P. and Sorgeloose, P., 1996. Manual on the production and use of live 
food for aquacutture. FAO Fisheries Technical Paper, No.361 , 
Rome, FAO, 259pp. 
Leger, P. , Bieber, G. F. and Sorgeloose, P., 1985. Intemational study on Artemia 
XXXIII. Promising results in larval rearing of Penaeus sty/irostris 
using a . prepared diet as algal substitute and for Artemia 
enrichment J. World Maricu/t. Soc., 16: 354-367. 
Leger, P., Grymonpre, D., Van Ballaer, E. and Sorgeloos, P., 1989. Advances in 
the enrichment of rotifers and Anemia as food sources in marine 
larviculture. In: Aquaculture Europe'89. Short communications and 
Abstracts, Special Pub!. No: 10, pp. 141-142. 
Leitao, S. N., Paranagu8, M. N. and Valentin , J. L. , 1992. The planktonic rotifers 
of the estuarine lagunar complex of Suape (Pemambuco, Brazil). 
Hydrobi%gia 232: 133-143. 
Leu , M. Y., 1997. Natural spawning and mass larviculture of black porgy 
Acanthopagrus sch/egeli in captivity in Taiwan. J. World Aqua. 
Soc., 28:180-187. 
Leissling , R , 1924. Zur Kenntnis einiger in Deutschland bisher weing oder nicht 
bekannten Radertierarten. Schr. SOsswasser Meereskunde 2: 68-73. 
303 
Liao, I, C., 1975. Experiment on induced breeding of grey mullet in Taiwan from 
1963 to 1973. Aquaculture 6: 31-58 . 
Liao, I. C., Su , H. M. and Lin , J. H., 1993. Larval foods for penaeid prawns. In: 
CRC Handbook of Mariculture, Vol. 1 , Crustacean aquaculture. (ed . 
McVey, J. P.), CRC Press, Boca Raton , FL, pp. 29-59 
Lim, L. C., 1993. Larviculture of the greasy grouper Epinephelus tauvina F. and 
the brown~marbled grouper E. fuscoguttatus F. in Singapore. J. 
World Aquacult. Soc., 24: 262-274. 
Lim, L. C. and Wong, C. C., 1996. Fry production of freshwater omamental fish in 
Singapore. Presented at the World Aquaculture '96, The 1996 
Annual Meeting of the World Aquaculture Society, 29 Jan-2 Feb 
1996, Bangkok, Thailand. 
Lim, L. C. and Wong . C., 1997. Use of the rotifer, Brachionus calyciflorus 
Pallas, in freshwater omamental fish larviculture. Hydrobiologia 
358: 269-273 
Linnaeus , C. von., 1758. Systema naturae, per regna tria naturae. Tomus 1. 
Editodecima, Reformata , Holmiae, 1758, 824pp. 
Liu, H. W , Stickney, R. R. and Dickhoff, W W , 1993. Early larval growth of 
Pacific Halibut Hippoglossus stenolepis. J. World Aqua. Soc., 24: 
482-485. 
Lovett, D. L and Felder, D. L., 1988. Evaluation of the rotifer Brachionus plicatilis 
as substitute for Artemia in feeding larvae of Macrobrachium 
rosenbergii. Aquaculture 71 : 331-338. 
Lubzens, E., 1981 . Rotifer resting egg and their application to marine 
aquaculture. Eur. Maricult. Soc. Spec. Publi., 6: 163-180. 
Lubzens , E., 1987. Raising rotifers for use in aquaculture. Hydrobiologia 147: 
245-255. 
Lubzens, E., Fishier, R. and Berdugo-White, V., 1980. Induction of sexual 
reproduction and resting egg production in Brachionus plicatilis 
reared in sea water. Hydrobiologia 73: 55-58 . 
Lubzens, E., Minkoff, G. and Marom, G., 1985. Salinity dependence of sexual 
and asexual reproduction in the rotifer Brachionus plicatilis. Mar. 
Bio., 85: 123-126. ' 
304 
Lubzens , E., Tandler, A. and Minkoff, G., 1989. Rotifers as food in aquaculture. 
Hydrobiologia 186/187: 387-400. 
Lucks, R., 1929. Rotatoria. Radertiere. BioI. Tiere Deutschlands 10: 1-176. 
Ludwig , G. M., 1994. Tank culture of sunshine bass Morone chrysops x M. 
saxatilis fry with freshwater rotifers Brachionus calyciflorus and 
salmon starter meal as first food sources. J. World Aquacult. Soc., 
25: 337-341 
Ludwig , M. G., 2000. Effect of Environmental factors on development of rotifer 
and copepod nauplii population in sunshine bass, Morone chrysops 
x Morone sacafilu nursery pond without fish . J. World Aquac. Sci., 
31(1): 1-13. • 
Lumare, F., Gosso, Sand Blundo, C. M., 1978. Studies on the feeding of the 
protozoea and mysis of Penaeus kerathurus in mass cutture. Atti 
Soc. Pelontana Sci. Fis. Mat. Nat. Messina 24: 315-322. 
Maneewong, S., Akkayanont, P., Pongmaneerat, J. and Lizawa, M., 1986. Larval 
rearing and development of grouper, Epinephelus malabancus 
(Bloch and Schneider). In: Report NO. 2. Thailand and Japan Joint 
Coastal aquacutture, Programme, Department of Fisheries , 
National Institute of Coastal aquacutture, Thailand and Japan 
Intemational Cooperation Agency, Tokyo, Japan, pp. 39-52. 
Marneffe, Y., Sophie, C. and Thome, J. P., 1998. Ecological water quality 
assessment of the Butgenbach Lake (Belgium) and its impact on 
the river Warche using rotiters as bioindicators. Hydrobiologia 
387/388: 459-467. 
Marietta, N. D., Estudillo, C. B. and Alpasan, L. G., 1997. Larval rearing of the 
grouper Epinephelus suillus under laboratory conditions. 
Aquaculture 150:63-75. 
Maruyama, I. , Nakao, T., Shigeno, I. , Ando, Y. and Hirayama, K., 1997. 
Application of unicellular alga Chlorella vulgaris tor the mass-
culture of marine rotifer Brachionus. Hydrobiologia 358: 133-138. 
Martinez, R. R. and Dodson, S. L., 1992. Culture of the rotifer Brachionus 
ca/yciflorus Pallas. Aquaculture 105: 191-199. 
305 
Mathias , J . A. and Li, S., 1982. Feeding habits of Walleye larvae and juveniles. 
Comparative laboratory and field studies. Trans. Am. Fish. Soc., 
111: 722-735 
Mayadevi, K. S., 1997. Studies on two omamental fishes , the blue gourami 
Trlchogaster trichopterus (Pallas) and pearl gourami Trichogaster 
leeri (Bleeker). Ph.D. thesis, University of Kerala, Kerala. 
Menhinick, E. F., 1964. Ecology 45: 1-859 
Michael, R. G. 1966. A new rotifer, Conochilus madurai sp. nov. , from an static 
pool in Madurai, South India. Zool Anz., 177: 439~41 . 
Michael, R. G., 1968. Studies on the looplankto{l of a tropical fish pond. 
Hydrobiologia 32: 47-68 . 
Michael, R. G. 1973. A Guide to the study of freshwater organism. 2. Rotatoria. J. 
Madurai Univ. Suppl., 1: 23-36 . 
Michael, R. G., 1985. Use of rotifers and cladocerans for potential bioindicators 
of Indian freshwater ecosystem. In: Symposium on Bio-monitoring 
state of environment. Indian National Science Academy, New Delhi, 
pp. 82-83 
Mikschi, E., 1989. Rotifer distribution in relation to temperature and oxygen 
content. Hydrobiologia 186/187: 209-214. 
Millamena, O. M., Per'iafiorida, V . D and Subosa, P. F., 1990. The macronutrient 
composition of natural food organisms mass cultured as larval feed 
for fish and prawns . The Isral. J. Aqucult. Bamidgeh., 42: 77-83 . 
Minkoff, G., 1987. The effect of secondarily enriched rotifers on growth and 
survival of marine fish larvae. Ph. D. thesis , University of Sterling , 
U. K. 
Miracle, M. R. and Serra, M., 1989. Salinity and temperature influence in rotifer 
life- history characteristics . Hydrobiologia 186/187: 81-102. 
Miracle, M. R. and Arrnengol , J., 1995. Population dynamics of oxiclinal species 
in lake Arcas-1 (Spain). Hydrobiologia 313/314: 291-301 . 
Miracle, M. R. , Serra, M., Vincente, E and Blanco, C., 1987. Distribution of 
Brachionus species in Spanish Mediterranean wetlands. 
Hydrobiologia 147:75-81 . 
306 
Mishra, S. R. and Saksena, D. N., 1990. Seasonal abundance of the 
zooplankton of waste water from the industrial complex at 
Birlanagar (Gwalior) , India. Acta hydrochem. Hydrobiol., 18(2): 215-
220 
Mock, C. R., Fontaine , C. T. and Revera, D. B., 1980. Improvements in rearing 
larval penaeid shrimp by the Galveston laboratory method . In : The 
Brine shrimp, Artemia, Vol. 3, ecology, culturing and use in 
aquaculture .. (ed . Persoone, G., Sorgeloose, P., Roles, O. and 
Jaspers , E.), Universal Press, Wetteren , Belgium, pp. 331-342 
MOitra, S. K. and Bhowmick, M. L. , 1968. Hydrobiological studies in Gandhi 
sagar in Kalyan i, W. Bengal. Proc. Symp. Recent. Adv. Prop. Ecol, 
pp. 359-367. 
Morris , C. B., 1913a. Some notes on Rotifera not previously recorded as 
occurring in New Zealand. Trans. Proc. N. Z. Inst. , 45: 163-167. 
Morris, C. B., 1913. Classified list of the New Zealand Rotatoria , including twelve 
species is not previously recorded. Trans. Proc. N. Z. Insti., 46: 
213-219. 
Muller, O. F., 1773. Vermium terrestrium et fluviatilium, seu Animalium 
infusorium, helminthicorum et testaceorum, non marinorum, 
succincta Historia . Vol . I. Infusoria, Copenhagen, Leipzig. 
Muller, O. F., 1776. Zoologiae Danicae prodromus sen Animalium Daniae et 
Norvegiae indigenarum characters, nomina et synonyma imprinis 
popularium, Havniae, pp . 1-273. 
Muller, O. F., 1786. Animalcula infusoria fluv iatilia et marina, quae defexit, 
systematice descripsit et ad vivum delineari curavit. (Copenhagen). 
Murray, J. 1906. Some Rotifera of Sikkim-Himalaya. J. R. Microsc. Soc., Lond. 
9: 637-644. 
Murray, J., 1913a. South American Rotifera. Part. II . J. Roy. Microsc. Soc., 5: 
341-362. 
Murray, J., 1913b. Australasian Rotifera. J. Roy. Microsc. Soc., 5: 455-461 . 
Mustahal, Yamasaki , S. and Hirata, H., 1991 . Salinity adaptability of five different 
strains of the rotifer Brachionus plicatilis. BUll. Jap. Soc. Sci. Fish., 
57: 1997-2000 
307 
Nagata, W. D., 1985. Long term acclimation of a parthenogenetic strain of 
Brachionus plicatilis to subnormal temperatures , 1. Influence on 
size , groW\h and reproduction . Bull. Mari. Sci., 37: 716-725. 
Naidu, K. V., 1967. A contribution to the Rotatorian fauna of South India. J. 
Bombay nat. Hist. Soc., 64: 384-388. 
Nair, K. K. N. and Nayar, C. K. G., 1971 . A preliminary study of the rotifers of 
Irinjalikuda <i\nd neighboring places. J. Ker. Acad. BioI., 3: 31-43 (in 
Malayalam). 
Nair, N. B., Arunachalam, M., Abdul Aziz, P. K., Krishna Kumar, K. and 
Dharmaraj, K., 1984. Ecology of Indian estuaries : Distribution and 
seasonal variation of zooplankton in the Ashtamudi estuary. Proc. 
Indian. Acad. Sci (Anim. Sci.) 96(6): 573-584. 
Nair, N. B. and Abdul Aziz, P. K., 1987. Hydrobiology of the Ashtamudi estuary, a 
tropical backwater system in Kerala . Proceedings of National 
Seminar on Estuarine Management, Trivandrum, pp. 268-280. 
Nandini, S. and Rao. T. R., 1998. Somatic and population growth in selected 
cladocerans and rotifer species offered the cyanobacterium 
Microcystis aeruginosa as food. Aquat. Ecol., 31 (1): 283-298. 
Nasar, S. A. K. 1973. The zooplankton fauna (Rotifera) of Bhagaopur. Bhagalpur 
Univ. J. , 6: 55-62. 
Nash, C. E., Kuo, C. M. and McConnell, S. C.,1974. Operational procedures for 
rearing larvae of the grey mullet (Mugil cephalus) L. Aquaculture 3: 
15-24 
Navarro, N. and Yufera, M., 1998. Population dynamics of rotifers (Brachionus 
plicatilis and Brachionus rotundiformis) in semi-continuous cu~ure 
fed freeze-dried microalgae: influence of dilution rate. Aquaculture 
166: 297-309. 
Nayar, C. K. G., 1964. Morphometric studies on the rotifer Brachionus 
ca/yciflorus Pallas . Curro Sci., 33: 469-470. 
Nayar, C. K. G., 1965a. Cyclomorphosis of Brachionus calyciflorus Pallas 
Hydrobiologia 25: 538-544. 
Nayar, C. K. G. 1965b. Taxonomic notes on the Indian species of Keratella 
(Rotifera). Hydrobiologia 26: 457-462. 
308 
Nayar, C. K. G., 1968. Rotifer fauna of Rajasthan. Hydrobiologia 31 : 168-185. 
Nayar, C. K. G., 1970. Studies on the rotifers population of two ponds at Pilani , 
Rajasthan. J. Zool. Soc. India ., 22: 21-34. 
Nayar, C. K. G. and Nair, K. K. N. , 1969. A collection of brachionid rotifers from 
Kerala. Proc. Indian Acad. Sci. , 69: 223-233. 
Nikos, P., Markakis, G., Divanach, P. and Kentouri, M., 2000. Feeding 
requirements of seabream (Sparus aurata) larvae under intensive 
rearing conditions. Development of a fuzzy logic controller for 
feeding . Aqua. Engine ., 21 :285-299. 
Nogrady, T., Wallace, R. L and Snell, T. w., 1993. Rotifera 1. Biology, Ecology 
and Systematics. In: Guides to the Identification of the 
Microinvertebrates of the Continental waters of the world . (ed . 
Nogrady, T. and Dumont, H. J). SPB Academic Publishing , The 
Hague, The Netherlands, No. 1, 142 pp. 
Nogrady, T., Pourriot, R and Segers, H., 1995. Rotifera. Vol. 3: Notommatidae, 
Scaridiidae. In: Guides to the identification of the micro invertebrates 
of the continental waters of the world (ed . Nogrady, T. and Dumont, 
H. J). SPB Academic Publishing , The Hague, The Netherlands, 
No:8, 248pp. 
Odum, E. P. , 1971 . Fundamentals of Ecology. (ed. Sounders , W. B.), 
Philadelphia. 574pp. 
Okamoto , R. , 1969. Rearing of red sea bream larvae. Bull. Jpn. Soc. Sci. Fish ., 
35: 563-566. 
Okauchi, M. and Fukusho, K., 1984. Food value of a minute alga, Tetraselmis 
tetrathele, for the rotifer Brachionus plicatilis culture.1. Population 
growth with batch culture. Bull. Nat/. Res. Inst. Aquacult., 5: 13-18. 
Okauchi, M., Oshiro , T., Kitamura, S. Tsujigado, A. and Fukusho, F., 1980. 
Number of rotifer Brachionus plicatilis consumed daily by a larva 
and juvenile of porgy, Acanthopagrus schlegeli. Bull. Nat!. Res. 
Insf. Aquacult. , 1 :39-45. 
Okauchi, M., Kawamura, K and Mizukami, Y. , 1997. Nutritive values of 'Tahiti 
Isocrysis' Isocrysis sp., for larval greasy black shrimp Metapenaeus 
ensis. Bull. Nat/, Res. Inst. Aquacult. , 26: 1-11 . 
309 
Ooziki, Y., Hagiwara, A. , Eda, H. and Lee, C. S., 1992. Developmental changes 
of food selectivity of stripped mullet Mugi/ cephalus during the larval 
stage. Nippon Suisan Gakkaishi 58 (7): 1381-1384 
Pallas , P. S., 1766. Elenchus zoophylorum sistens generum adumbrations 
generaliores et specierum cognitarum succinctas descriptiones 
cum select is auctorum synonymis , Hagae, Comitum. 
Parazo M. M., Reyes, J .. D. M. and Avila, E. M., 1991 . Hatchery rearing of 
seabass Lates calcarifer (Bloch). Philipp. Sci., 28: 65-76. 
Pascual, E. and Yufera , M. , 1983. Crecimiento en cultivo de una cepa de 
Brachionus plicatilis O. F. Muller en function de la temperature y la 
salinidad. Invest. Pesq., 47: 151-159. • 
Pasha, S. M. K., 1961 . On a collection of freshwater rotifers from Madras. J. 
Zool. Soc. India. , 13: 50-55. 
Pati!, S. G., 1978. New records of Rotatoria from Northeast India. Sci. Cult. , 44: 
279-281 . 
Pati!, S. G., 1988. Planktonic Rotifera of Northeast India. Rec. Zool. SUN. India ., 
85 (1): 89-100. 
Peguin, C. L., 1984. The effect of photoperiod and prey density on the growth 
and survival of larval gilthead seabream, Sparus aurata L. 
(Perciformis, Teleostei). M. Sc thesis , Hebrew University, 
Jerusalem, 93pp. 
Pejler, B., 1962. On the variation of the rotifer Keratel/a cochlearis (Gosse). Zoo/. 
Bidr. Upps ., 35: 1-17 
Pejler, B. , 1977b. On the global distribution of the family Brachionidae 
(Rotatoria). Arch. Hydrobiol. Suppl., 53: 255-306. 
Pejler, B., 1980. Variation in the genus Keratel/a (Rotatoria). Hydrobiologia 73: 
207-213. 
Pejler, B., 1983. Zooplanktonic indicators of trophy and their food . Hydrobiologia 
101 : 111-114. 
Pennak, R. W., 1953. Fresh water invertebrates of the United States. The Ronald 
Press Company, New York, 741pp. 
3 10 
Pennak, R. W ., 1957. Species composition of Iimnetic zooplankton communities . 
Limnol. Oceanogr. , 2: 222-232. 
Pie Lou, E. C. , 1966. The measurement of diversity in different types of biological 
collections . J. Theoret. Bioi. , 13: 131-144 
Pilarska, J ., 1972. The dynamics of growth of experimental populations of the 
rotifer Brachionus rubens Ehrbg. Pol. Arch. Hydrobiol. , 19: 265-277 
Pilarska, J., 1977. Eco:.physiolog ical studies on Brachionus rubens Ehrb. 
(Rotatoria) . 1. Food selectivity and feeding rate. Plo. Arch. 
Hydrobiol. , 24: 319-328. 
Plate, L. H., 1886. Beitrage zur Naturgeschichte der Rotatorien. Jena. Z. Naturw. , 
19:1-120. 
Pontin , R., 1978. A key to British freshwater planktonic Rotifera . Freshwater Bio. 
Assoc. Sci. Publ., 38: 1-78. 
Porter, K. G., 1977. The plant-animal interface in freshwater ecosystems. Am. 
Sci., 65: 159-170. 
Pourriot, R., 1973. Rapports entre la temperature, Ia taille des adults, la longeur 
des oeufs et taux de dElVeloppement embryonnaire chez 
Brachionus calyciflorus Pallas (Rotiferes). Ann. Hydrobiol., 4: 103-
115. 
Pourriot, R., 1977. Food and feeding habits of Rotifera . Arch. Hydrobiol. Beih ., 8: 
24:>:260. 
Pourriot, R. and Rougier, C., 1975. Dynamique d'une population experimentale 
de Brachionus dimidiatus (Bryce) (Rotiferes) en func/ion de la 
nourriture st de la temperature. Anns. Limnol., II : 125-143. 
Qadri, M. Y. and Yousuf, A. R. , 1976. Limnology and Fisheries of Lake 
Manasbal1 . Distribution of zooplankton. J. Sci. (Univ. Kash.) 4(1-
2):10-12 
Qadri , M. Y. and Yousuf, A. R., 1980. Limnological studies of Lake Malpur. 
Geobios 7: 117-119. 
Qadri , M. Y. and Yousuf, A. R. , 1982. Distribution of Anuraeopsis fissa Gosse 
and Notholca acuminate Ehrn. In relation to some physiccrchemical 
factors . J. Zool. Soc. India., 34:13-20. 
311 
Radwan, S., 1976. Planktonic rotifers as indicators of Lake Trophy. Ann. Univ. 
Mariae Curie-Sklodowska, Sec. C., 31 : 227-235. 
Rafiuddin , A S. and Neelakantan, K. , 1990. production of rotifer Brachionus 
plica tHis MUlIer fed with different cell densities of microalgae, 
Chlorogibba trochisciaefonnis Geiter. Proc. Indian Acad. Sci. 
(Anim. Sci.). 99: 519-523, 
Rajendran , M. 1971 . On a new species of ConchHus Rousselet Rotifera: 
Monogononta, Conochilidae) from Madurai, S, India, with a key for 
the known species of the genus. Proc, Indian Acad. Sci., 73: 8-14. 
Ramesh Konnur and Jayapaul Azariah, 1986. Rotifer biomass in turbulent and 
estuarine environment of the river Adyar. National Symposium on 
Estu. Biology, Parangipettai, Abstract 81 , p.65. 
Rani Mary Jacob, 1995. Studies on the cladocerans of the South-west coast of 
India. Ph . D. thesis , University of Kerala , Kerala. 
Rao, I. S., 1982. Ecology of Manjira reservoir, Sangareddy, Andhra Pradesh, 
India, Ph.D, thesis , Os mania University, Hyderabad. 
Rao, R. K. and Chandra Mohan, P., 1976. On the occurrence of a rotifer 
Asplanchnella sieboldii (Leydig) urawaensis (Sudzuki) in Indian 
Waters , Curro Sci., 45: 234-235. 
Rao, R. K. and Chandra Mohan, P., 1977. Monostyla obtuse Murray (Rotifera, 
Lecanidae) a New record from India. Geobios 4: 118-119. 
Rao, R, K. and Chandra Mohan, p " 1984. Brackishwater Rotifera from 
Visakhapatnam Harbor, India. J. Mar. Sci., 13: 92-93, 
Rao, 1. R. and Sarma, S, S, S" 1988. Effect of food and temperature on the cost 
of reproduction in Brachionus patulus (Rotifera). Proc. Indian Natn. 
Sci, Acad. B" 54(6): 435-438. 
Remane, A , 1929-1933. Rotatorien. Klassen und Ordnungen des Tier-Reichs. 
(ed , Bronn, H. G.), 4 vols , (Abt. 2, Such. ), Lief, 576pp. 
Rezeq , T. A and James, C. M., 1985. Production and nutritional quality of the 
rotifer Brachionus plicatilis in relation to different cell densities of 
marine Chlorella sp. Paper presented at the Fourth International 
Rotifer Symposium, Edinburgh, Scotland, 18-24, August, 1985. 
KISR Publication, No. 1801, pp. 1-16. 
3 12 
Rezeq, T. A. and James, C. M., 1987. Production and nutritional quality of the 
rotifer Brachionus plicatilis fed marine Chiorella sp. at different cell 
densities. Hydrobiologia 147: 257-261 . 
Rico-Martinez, R. and Snell, T. W., 1995a. Copulatory behavior and mate 
recognition pheromone blocking of male receptors in Brachionus 
plicatilis MOiler (Rotifera). Hydrobiologia 313/314: 105-110. 
Rico-Martinez, R. and Snell, T. w., 1995b. Male discrimination of female 
Brachionus ' plicatilis MOiler and Brachionus rotundiformis 
Tschugunoff (Rotifera). J. Exp. Mar. Bioi. Ecol., 190: 39-49. 
Roa , R. T., 1992. Biological observations in a stock of the rotifer Brachionus 
plicatilis isolated from the solar salt paos of Araya, Venezuela. Bol. 
Inst. Oecanogra. Venez., 32(1): 51-61 . 
Rodewald, R. L., 1937. Die Radertierfauna Rumaniens II. Neue undo 
bemerkenswerte Radertiere aus Rumanien. lool. Anz., 118: 235-
248. 
Rodewald , R. L. and Godeanu , S., 1961 . Die Radertierfauna Rumaniens VII. 
lool. Anz., 167: 341-359 
Rodriguez, A. , 1976. Experiences de ponte et d'elevage de et de postJarvaes de 
crevettes Penaeus kerathurus (Forskal, 1775). FAO, Gen. Fish. 
Counc. Mediterr. Stud. Rev., 55: 49-62. 
Rostock, U., 1995. Feeding biology of two brachionid rotifers Brachionus 
quadridentatus and Brachionus plicatilis . Hydrobiologia 313/314: 
219-221 . 
Rothhaupt, K. 0 ., 1985. A model approach to the population dynamics of the 
rotifer Brachionus rubens in two-stage chemostat culture. 
Oecologia 65: 252-259. 
Rothhaupt, K. 0. , 1990a. Differences in particle size-dependent feeding 
efficiencies of closely related rotifer species . Limnol. Oceanogr., 
35(1): 16-23. 
Rotl)haupt, K. 0 ., 1990b. Changes of the functional responses of the rotifers 
Brachionus rubens and Brachionus calyciflorus with particle sizes . 
Limnol. Oceanogr., 35(1): 24-32. 
313 
Rothhaupt, K. 0 ., 1991 . The influence of toxic and filamentous blue-green algae 
on feeding and population growth of the rotifer Brachionus rubens . 
Int. Rev. ges. Hydrobiol., 76: 67-72. 
Rousselet , C. F., 1907. On Brachionus sericus n. sp ., a new variety of 
Brachionus quadratus and remarks on Brachionus rubens of 
Ehrenberg . J. Queckett Microsc. Club, Ser. 2 (10): 147-154. 
Rousselet, C. F., 1913. The Rotifera of Devils Lake, with description of a new 
Brachionus:·J. Queket microsc. Club, Ser. 2, 12: 57-64. 
Rudescu , L., 1960. Rotatoria . Fauna Repub. Pop. Rom., 2 : 1-1192. 
Rumengan , F. M., Kayano, H. and Hirayama, K., 1S91 . Karyotypes of Sand L 
type rotifers Brachionus plicatilis O. F. Muller. J. Exp. Mar. BioI. 
Ecol., 154: 171 -176. 
Rumengan, I. F. M., Warouw, V. and Hagiwara, A. , 1998. Morphometry and 
resting egg production of the tropical ultra-minute rotifer Brachionus 
rotundifonnis (Manado Stain) fed different algae. Bull. Fac . Fish. 
Nagasaki Univ , 79: 31-36 
Rullner-Kolisko, A., 1971 . Rotatorien als Indikatoren fUr den Chemismus von 
Binnensalzgewassern. Sber. Akad. Wiss ., math-nat. KI. , Abt1 , 179: 
283-298. 
Rultner-KOlisko, A. , 1972a. The metabolism of Brachionus p/icatilis (Rotatoria) as 
related to temperature and chemical environment. Ot. Zool. Ges., 
65: 89-95 . 
Rultner-Kolisko, A. , 1972b. Rotatoria. Binnengewasser26: 99-234. 
Rullner-Kolisko , A. , 1974. Planktonic Rolifers , biology and taxonomy. 
Binnengewassar, Suppl. , 26, pp. 1-146. 
Rultner-Kolisko , A., 1975. The influence of fluctuating temperature of planktonic 
rotifers. A graphical model based on live data of Hexarthra fennica 
from Neusiedlersee, Austria . Symp. Bioi. Hung., 15: 197-204. 
Rultner-Kolisko , A. , 1978. Influence of fluctuating temperature of plankton 
rotifers.2. Laboratory experiments . Verh . Int. Ver. Limnol., 20: 2400-
2405. 
3 14 
Saha, L. C and Pandit, B., 1986. Comparative limnology of Bhagalpur ponds. 
Comp. Physio. Ecol., 11 : 213-216. 
Saksena, D. N., 1984. Form variation in Indian loricate rotifers . Bull. Pure and 
Applied. Sci., 3 (A): 80-91 . 
Saksena, D. N., 1987. Rotifers as indicators of water quality. Acta Hydrochim 
Hydrobiol. , 15: 481-485. 
Saksena, D. N., 1989. On a new morphological form of a ploimate ratifer 
Brachionus calycinorus Pallas from Janaktal, India. Proc. Nat. 
Acad. Sci. India., 59(B): 261-263. 
Saksena, D. N. and Sharma, S. P., 1981a. Zooplankton fauna of some ientic 
water of Gwalior.1 . Govind Sagar, Chhatri tank. Sawarkar Sarovar 
and Matsya Sarovar. Environment India 4: 23-27. 
Saksena, D. N. and Sharma, S. P., 1981b. Zooplanktonic fauna of some 
perennial impoundments at Gwalior, India. J. Ji'wagi. Univ., 9 (1 -2): 
73-92. 
Saksena, D.N. and Sharma, S.P., 1981c. Cyclomorphosis in a ploimate rotifer, 
Brachionus calycinorus (Pallas) from Janaktal, Gwalior, India. Zool. 
Jb. Anat., 105: 406-411 . 
Saksena, D. N. and Sharma, S. P., 1982. On the description of two ploimate 
rotifers, Anuraeopsis fissa (Gosse) and Lecane luna (Harring & 
Myers) from Matsya Saravar, Gwalior. J. Ji'waji Univ. , 10(1-2): 73-
93. 
Saksena, D. N. and Sharma, S. P. , 1986. Morphological form variation in a 
loricate rotifer Keratella tropica Apstein fram a perennial pond , 
Janaktal, Gwalior, India. Int. Revue ges. Hydrobiol., 71(2): 283-
288. 
Saksena, D. N. and Kulkami. N., 1986a. On the ratifer fauna of two sewage 
channels at Gwalior. Limnologica (Berlin) 17(1): 139-148 
Saksena, D. N. and Kulkami, N., 1986b. Polymorph isms in a brachionid rotifer, 
Brachionus quadridentatus Hermann from Morar channel, Gwalior 
(India). Proc. Indian Acad. Sci. (Ani. SCI) ., 95 (3): 365-369. 
315 
Saksena, D. N., Vengayil , D. T. and Kulkami, N., 1986. Zooplankton of temporary 
water pools of Gwalior, Madhya Pradesh, India. J. Zool. Soc. India., 
37 (1-2): 7-16 . 
Samocha, T. M., Uziel, N. and Browdy, C. L., 1989. The effect of feeding two 
prey organisms, Artemia nauplii and rotifers, Brachionus plicatilis 
(Muller), upon survival and growth of larval marine shrimp, Penaeus 
semisulcatus (de Haan). Aquaculture 77: 11-19. 
Sampath , V , Sreenivasan, A. and Ananthnarayanan, 1979. Rotifers as biological 
indicators of water quality in Cauvery River. In: Proceedings of 
Symposium on Environmental Biology. Academy of Environ. BioI. 
India, pp. 441-452. 
Sanoamuang, L. , 1998. Rotifera of some freshwater habitats in the floodplain of 
the River Nan, northem Thailand . Hydrobiologia 387/388: 27-33. 
Sanoamuang, L. , Segers , H. and Dumont, H.J. , 1995. Additions to the rotifer 
fauna of South-east Asia: new and rare species from north-east 
Thailand . Hydrobiologia 313/314: 35-45. 
Sarma, S. S. S., 1985. Effect of food density on the growth of the rotifer 
Brachionus patulus MOlier. Bull. Bot. Soc. Sagar. , 32: 54-59 . 
Sarma, S. S. S., 1987. Experimental studies on the ecology of Brachionus 
patulus (MOlier) (Rotifera) in relation to food , temperature and 
predation. Ph. D thesis , University of Delhi, Delh i. 
Sarma, S. S. S., 1988. New records of freshwater rotifers (Rotifera) from Indian 
waters. Hydrobiologia 160: 263-269. 
Sarma, S. S. S. and Rao , R. T., 1990. Population dynamics of Brachionus 
patulus MOlier (Rotifera) in relation to food and temperature. Proc. 
Indian Acad. Sci. (Ani. SCI) 99 (4): 335-343. 
Sarma, S. S. S., Nandini, I. and Dumont, H. J., 1996. Competitive interactions 
between herbivorous rotifers : importance of food concentration and 
initial population density. Hydrobiologia 331 : 1-7. 
Schmarda, L. K., 1854. Zur Naturgeschichte Aegyptens , Denkschr. Akad. Wiss. 
Wien. Math . Naturw KI., 7(2): 1-28. 
Schmarda, L. K., 1859. Neue wirbellose Tiere beobachtet und gesammelt auf 
einer Reise um die (for 1853-1857). Leipzig1 : 1-66 . 
316 
Scott, A. P. and Baynes, S. M., 1978. Effect of algal diet and temperature on the 
bio-chemical composition of the ratifer Brachionus plicatilis. 
Aquaculture 14: 247-260. 
Segers, H. , 1995. Rotifera 2: Lecanidae (Monogononta). In: Guides to the 
identification of the microinvertebrates of the continental waters of 
the world , No. 6, SPB Academic Publishing, The Hague, The 
Netherlands, 223pp. 
Segers, H., 1995. Nomenclatural consequences of some recent studies on 
Brachionus plicatilis (Rotifera: Brachionidae). Hydrobiologia 
313/314: 121 -122. 
Segers, H., 2002. The nomenclature of the Rotifera: annotated checklist of valid 
family and genus-group names. J. Natur. Hist. , 36: 631-640. 
Segers, H. and Babu, S. , 1999. Rotifera fram a high altitude lake in southern 
India with a note on the taxonomy of Polyarthra (Ehrenberg, 1834). 
Hydrobio/ogia 405: 89-93. 
Segers, H and De Meester, L. D. , 1994. The Rotifera of Papua New Guinea, with 
the description of a new Scaridium Ehrenberg, 1830. Arch. 
Hydrobio/., 131 : 111-125. 
Segers, H., Sarma, S.S.S., Kakkaserry, F. K. and Nayar, C. K. G., 1994. New 
records of rotifers from India. Hydrobiologia 287: 251-258 
Serra, M. and Miracle, M. R. , 1987. Biometric variation in three strains of 
Brachionus plicatilis as a direct response to environmental 
variations. Aquaculture 147: 83-90. 
Serra, M., Carmona, M. J . and Miracle, M. R. , 1994. Survival analysis of three 
clones of Brachionus plicatilis (Rotifera). Hydrobiologia 277 (2): 97-
105. 
Serra, M., Galiana, A. and Gomez, A. , 1997. Speciation in monogonont rotifers. 
Hydrobiologia 358: 63-70 
Serra, M. , Gomez, A. and Carmona, M. J., 1998. Ecological genetics of 
Brachionus sympatric sibling species. Hydrobiologia 387/388: 373-
384. 
3 17 
Shakuntala Pandey and Singh, U. N., 1993. The rotifer fauna of Champaran, 
north Bihar (India) Brachionus-2 . Further contributions to the family 
Brachionidae. Proc. Acad. Environ. BioI., 2(2): 143-147. 
Shannon, C. E. and Weaver, W , 1963. The mathematical theory of 
Communication , University of Illinois Press , Urbana, 117pp. 
Sharma, B. K., 1976. Rotifers collected from North-West India. Newsl. Zool. SUN. 
India ., 2: 255-259. 
Sharma, B. K., 1977. On a small collection of rotiters (Class: Rotifera) from 
Orissa. Newsl. Zool. SUN. India., 3: 189-190. 
Sharma, B. K., 1978a. Contributions to the rotiter fauna of West Bengal., Part. I. 
Family Lecanidae. Hydrobiologia 57: 143-153. 
Sharma, B. K., 1978b. Contributions to the Rotifera fauna of West Bengal. II . 
Genus Lepadella Bory de SI. Vincent, 1826 Hydrobiologia 58: 83-
88. 
Sharma, B. K., 1979a. Rotifers from West Bengal. III. Further studies on the 
Eurotatoria. Hydrobiologia 64: 39-47. 
Sharma, B. K. , 1979b. Rotifers form West Bengal. IV. Further contributions to 
Eurotatoria. Hydrobiologia 65: 39-47. 
Sharma, B. K., 1979c. Further contributions to the lecanid fauna (Rotifera 
Lecanidae) of West Bengal. Acta Hydro., 20: 53-59 . 
Sharma, B. K., 1980a. Contribution to the rotifer fauna of Orissa, India. 
Hydrobiologia70: 225-233. 
Sharma, B. K., 1980b. Studies on the rotifer fauna of Assam State, India. 
Bangladesh J. Zool., 8: 149-150. 
Sharma, B. K., 1980c. Contributions to the rotiter fauna of Punjab State, India. 1. 
Family Brachionidae. Hydrobiologia 76: 249-253. 
Sharma, B. K., 1983. The Indian species of the genus Brachionus (Eurotatoria: 
Monogononta: Brachionidae). Hydrobiologia 104: 31-39. 
Sharma, B. K., 1986. Assessment of pollution indicators in Indian Rotatoria . J. 
Meghalaya Sci. Soc. , 21 : 47-49. 
318 
Sharma, B. K., 1987a. The distribution of the Lecanid rotifers (Rotifera: 
Monogononta: Lecanidae) in north-Eastem India. Revue. Hydrobiol. 
trop., 20: 101-105. 
Sharma, B. K., 1987b. Rotifera: Eurotatoria: Monogononta (freshwater). In Fauna 
of Orissa, State Fauna Series 1: 323-340. Zoological Survey of 
India, Calcutta . 
Sharma, B. K., 1987c. Indian Brachionidae (Eurotatoria: Monogononta) and their 
distribution. Hydrobiologia 144: 269-273. 
Sharma, B. K., 1991 . Rotifera. In: Animal Resources of India (Protozoa to 
Mammalian). State of the Art Report. Zoological Survey of India, 
Calcutta, pp. 69-88. ' 
Sharma, B. K. , 1992. Systematics , distribution and ecology of freshwater rotifers 
in West Bengal. In: Aquatic ecology (ed . Mishra, S. R. and 
Saksena, D. N.). Ashish Publishing House, New Delhi, pp. 231-273 
Sharma, B. K. and Michael, R. G., 1980. Synopsis of taxonomic studies on Indian 
Rotatoria. Hydrobiologia 73: 229-236. 
Sharma, B. K. and Sharma, S., 1984. A note on some Eurotatoria from Punjab 
State, India. Hydrobiologia 109: 279-282. 
Sharma, B. K. and Sharma, S., 1987. On species of genus Lepadella 
(Eurotatoria: Monogononta: Colurellidae) from North- Eastern India, 
with remarks on Indian taxa . Hydrobiologia 147: 15-22. 
Sharma, B. K. and Sharma, S. , 1997. Lecanid rotifers (Rotifera: Monogononta: 
Lecanidae) from North-Eastem India. Hydrobiologia 356: 157-163. 
Sharma, B. K., Sharma, Sand Dudani, V. R. , 1992. Freshwater rotifers from 
Darbhanga city, Bihar, India. Rec. Zool. SUN. India 91(3-4): 431-
448. 
Sharma, S. P. and Saksena, D. N., 1981 . Zooplanktonic fauna of two perennial 
impoundments, Janaktal and Kaila Sagar at Gwalior, India. J. Jiwaji 
Univ. , 9 (1-2): 73-93. 
Sharma, S. P. and Saksena, D. N., 1984. Form variation in the ratifer Brachionus 
calyciflorus Pallas from a perennial impoundment in India. Int. 
Revueges. Hydrobiol., 69(5): 747-752. 
319 
Shephard , J., 1911 . A list of Victorian rotifers , with descriptions of two new 
species and the males of two species. Proc. R. Soc. Victoria 24 (1): 
46-58 . 
Shibu , S., 1991 . Ecology of Paravur Lake. Ph . D. thesis, University of Kerala. 
Shiel, R. J. , 1983. The genus Brachionus (Rotifera: Brachionidae) in Australia , 
with a description of a new species . Proc. R. Soc. Victoria 95: 33-
37. 
Shiel, R. J ., 1995. A guide to identification of rotifers , cladocerans and copepods 
from Australian inland waters . In: Cooperative Research Centre for 
Freshwater Ecology identification guide, no. 3, pp. 1-144. 
Shiel, R. J. and Koste, W , 1985a. New species and new records pf Rotifera 
(.A.schelminthes) from Australian waters . Trans. R. Soc. S. Aust., 
109: 1-15. 
Shiel, R. J and Koste, W , 1986. Australian Rotifera : Ecology and biogeography. 
In: Limnology in Australia. (ed. de Deckker, P. and Williams , W 
D.), pp . 142-150. 
Shiel, R. J and Koste, W, 1993. Rotifera from Australian inland waters . IX. 
Gastropodidae, Synchaetidae and Asplanchnidae (Rotifera: 
Monogononta). Trans. R. Soc. S. Austr., 117: 111-139. 
Shigueno, K., 1975. Shrimp Cu~ure in Japan. Association for International 
Technical Promotion, Tokyo, 153pp. 
Simpson, E. H., 1949. Measurement of diversity. Nature 163: H588. 
Singh, S. R. and Srivastava, V. K., 1988. Variation in water quality of Ganga 
River between Buxar and Ballia. Poll. Res ., 3: 85-92. 
Singh, U. N. and Shakuntala Pandey, 1984. Survey on the rotifer fauna of 
Motihari, East Champa ran (Bihar). Environ. Eco/. , 7(4): 980-981 . 
Singh, U. N. and Shakuntala Pandey, 1993. The rotifer fauna pf Champar A N, 
North Bihar (I ndia) Brachionus-1 . Proc. Acad. Environ. BioI., 2 (1): 
137-142. 
Skorikov, A. S., 1894. Preliminary report on research on Rotifera and Thysanura 
in the environs of Khar'kov. Trudy Obshch. Estest. Imp. Kharkov 
Univ., 27: 27-33. 
320 
Skorikov, A. S. , 1914. Uber das Plankton im Unteriauf der Wolga mit Beitragen 
zur Frage 'Potamoplankton'. Tr. Astrch. IchtyoI. Lab., 35(5): 1-33. 
Siadecek, V. , 1983. Rotifers as indicators of water quality. Hydrobiologia 100: 
169-201 . 
Smith , A. D. and Gilbert, J. J., 1995. Relative susceptibilities or rotifers and 
cladocerans to Microcystis aeruginosa. Arch. Hydrobiol., 132: 309-
336. 
Snell, T. w. , 1986. Effect of temperature, salinity and food level on sexual and 
asexual reproduction in Brachionus plicatilis (Rotifera). Mar. BioI., 
92: 157-162. 
Snell , T . w. , 1989. SystematiCS, reproductive isolation and species boundaries in 
monogonont rotifers. Hydrobiologia 186/187: 299-310. 
Snell, T. W. and King , C. E., 1977. Lifespan and fecund ity pattems in rotifers : 
The cost of reproduction . Evolution 31 : 882-890. 
Snell, T. W. and Carrillo, K., 1984. Body size variation among strains of the rotifer 
Brachionus plicatilis. Aquaculture 37: 359-367. 
Snell, T. W . and Serra , M., 1998. Dynamics of natural rotifer populations . 
Hydrobiologia 368: 29-35 . 
Snell , T. w., Bieberich, C. and Fuerst, R. , 1983. The effects of green and blue-
green algal diets on the reproductive rate of the rotifer Brachionus 
plica tHis. Aquaculture 31 : 21 -30. 
Snell , T. w. , Childress , M. J. , Boyer, F. M. and Hoff, F. H., 1987. Assessing the 
status of rotifer mass cultures . J. Wond Aquacult. Soc ., 18:270-277. 
Snow, J, R. , AI-Ahmad , T. A. and Parsons, J. E., 1980. Rotifers as a production 
diet for striped bass fingerlings. In: Proceedings of the Southeast 
Association of Fish and Wildlife Agencies, No: 34, pp: 280-291 . 
Solangi, M. A. and Ogle, J. T., 1977. A selected bibliography on the mass 
propagation of rotifers with emphasis on the biology and culture of 
Brachionus plicatilis. Gulf Res. Rep. , 6(1 ): 59-68 . 
Sorgeloos , P., 1980. The use of the brine shrimp, Artemia in aquacu~ure . In: The 
Brine shrimp, Artemia , Vol. 3, Ecology, Culturing and Use in 
32 1 
aquaculture. (ed . Persoone, G., Sorgeloose, P. , Roels, O. and 
Jaspers, E.), Universal Press, Wetteren, Belg ium, pp. 25-46. 
Sorgeloos , P. and Person, G., 1975. Technological improvements for the 
cultivation of invertebrates as food for fishes and crustaceans , II. 
Hatching and culturing of the brine shrimp, Artemia salina L. 
Aquaculture 6: 303-317. 
Sorgeloos , P., Leger, P .. and Lavens, P., 1988. Improved larval rearing ogf 
European and Asian sea bass, seabream, mahimahi, siganid and 
milkfish using enrichment diets for Brachionus and Artemia. J . 
World Aquacult. Soc., 19: 77-88 
. Srivastava, V. K. and Singh, S. R., 1995. Seasonal dynamics of zooplankton in 
Ganga River (between Buxar and Ballia) in relation to water quality. 
Proc. Acd. Environ. Bioi., 4(1): 83-89. 
Starkweather, P. L., 1987. Rotifer energetics. In: Animal energetics, Vol.1. (ed. 
Pandien, T. J. and Vernberg , S. J.), Academic press , pp. 159-183. 
Starkweather, P. L. and Kellar, P. E., 1983. Utilization of cyanobacteria by 
Brachionus calyciflorus and blue-green alga Anabaena flos-aquae 
(NRC-44-1) as a sole or complementary food source . Hydrobiologia 
104: 373-377. 
Starkweather, P. L. and Kellar, P. E , 1987. Combined influences of particulate 
and dissolved factors in the toxicity of Microcystis aeruginosa 
(NRC-SS-17) to the rotifer Brachionus calyciflorus. Hydrobiologia 
147: 375-378. 
Stepiens , w. P., 1976. Feeding of laboratory reared larvae of the seabream 
Archosargus rhomboidalis (Sparidae). Mar. Bio., 38 :1-16. 
Strickland, J. D. H. and Parsons, T. R. , 1972. A practical handbook of seawater 
analysis . Fish Res. Bo. Can. Bull. , 167: 1-31 1. 
Su, H. M., Su , M. S. and Liao, I. C., 1994. Selection of super smail-sized strain of 
rotifer (Brachionus plicatilis) and its rearing conditions. J. Taiwan 
Fish. Res., 2(1): 19-29. 
Su, H. M., Su , M. S. and Liao, I. C., 1997. Collection and culture of live foods for 
aquacu~ure in Taiwan . Hydrobiologia 358: 37-40. 
322 
Sudzuki, M., 1955. On the general structure and the seasonal occurrence of the 
males in some Japanese rotifers 1- II. Zool. Magazine 64(3): 126-
136. 
Sudzuki, M., 1956. On the general structure and seasonal occurrence of the 
males in some Japanese rotifers , IV. Zool. Magazine ., 65: 1-6 
Sudzuki, M., 1956. life histories of some Japanese rotifers. (Brachionus 
calyciflorus). Zool. Magazine 65 (3-4): 112-117. 
Sudzuki, M., 1957. Studies on the egg-carrying types in Rotifera III. Zool. 
Magazine 66: 407-415, 
Sudzuki, M., 1962. New types of the female in the Rotifera and its significance. 
Zool. Magazine 71 : 11-20 
Sudzuki, M., 1964. New systematical approach to the Japanese planktonic 
Rotatoria . Hydrobiologia 23 (1-2): 1-124. 
Sudzuki, M., 1967. Rotifers from South Australia. Proc. Jpn. Soc. Syst. Zool., 3: 
17-19. 
Sudzuki, M. 1977. Some puzzling problems in the taxonomy of Brachionus and 
Keratella . Arch. Hydorbiol. Beih., 8: 230-231 . 
Sudzuki, M., 1982. Taxonomy of mixohaline Rotifera, Brachionus plicatilis and its 
allied species . Zool. Magazine 91 (4): 657-658. 
Sudzuki, M., 1985. Some problems of taxonomic treatment in the so-<:alied 
Brachionus plicatilis. Iden (The Heredity) 39(11 ): 52-57. 
Sudzuki, M., 1987. Intraspecific variability of Brachionus plicatilis. Hydrobiologia 
147: 45-47 . 
Sudzuki. M. , 1989. Occurrence of Rotifera in the field under Natural and 
Intentionally changed condition II. Hydrobiologia 186/187: 245-254. 
Sudzuki. M., 1991 . The Rotifera from Singapore and Taiwan . Proc. Jap. Soc. 
Syst. Zool., 42: 1-34. 
Sudzuki, M., 1992. New Rotifera from Southwestern Islands of Japan. Proc. Jap. 
Soc. Syst. Zool., 46: 17-28. 
323 
Sudzuki, M., 1995. Taxonomy of Brachionus plicatilis and its related groups 1. 
Discussion and considerations on the papers before 1925. 6bun 
Ronso Nihon Daigaku. Omiya 40: 1-21. 
Sudzuki, M., 1996. Taxonomy of Brachionus plicatilis and its related groups II. 
Discussion and considerations on the papers during 1926-1952. 
6bun Ronso Nihon Daigaku. Omiya 42: 1-22. 
Sudzuki, M., 1998. Tentative keys to species groups, species and intraspecies of 
the common rotifers 1. Anuraeopsis and Brachionus. 6bun Ronso 
Nihon Daigaku. Omiya 47: 125- 147. 
Sudzuki, M., 1999. An approach to the identification of the common rotifers . 
Sanseido Publishing Co. Ltd ., Tokyo, 150pp . 
. 
Sudzuki, M. and Timms, B. V., 1977. A new species of Brachionus (Rotifera) 
from the Myall Lakes , New South Wales . Proc. Linn. Soc. N. S. W , 
101(3): 162-166. 
Suseela, G. , 1993. Biomass, composition, distribution and ecology of 
zooplankton in the Poonthura estuary, Trivandrum. M Phil , thesis, 
University of Kerala, Kerala. 
Tamaru, C. S., Lee, C. Sand Ako, H. , 1991. Improving the larval rearing of 
striped mullet (Mugil cephalus) by manipulating quantity and quality 
of the rotifer Brachionus plicatilis. In: Rotifer and Microalgae cuHure 
systems. (eds. Fulks , W. and Main, K. L), Proceedings of a U.S-
Asia Workshop, Honolulu, pp 89-103. 
Tandler, A and Helps, S., 1985. The effects of photoperiod and water exchange 
rate on growth and survival of gilthead sea bream (Sparus aurata, 
Linnaeus ; Sparidae) from hatching to metamorphosis in mass 
rearing system. Aquaculture 48:71-82. 
Tandler, A and Mason, C., 1984. The use of 14C labeled rotifers (Brachionus 
plicatilis) in the larvae of gilthead sea bream (Sparus aurata): 
Measurements of the effects of rolifer concentration, the lighting 
regime and seabream larval age on their rate of rotifer ingestion. 
Europ. Maricult. Soc., 8:241-259. 
Tandler, A and Sherman, R., 1981 . Food organism concentration , environmental 
temperature and survival of the gilthead sea bream (Sparus aurata) 
larvae. Spec. Publ. Europ. Maricult. Soc., 6:237-248. 
324 
Telesh , I. V ., 1995. Rotifer assemblages in the Neva Bay, Russia: principles of 
formation , present state and perspectives . Hydrobiologia 313/314 : 
57-62 . 
Telesh , I. V., 1998. Species diversity and distribution of rotifers in Lake Ladoga, 
Russia . J. Boreal Environ. Res., 14: 34-45. 
Theilacker, G. and McMaster, F., 1971. Mass culture of the rotifer Brachionus 
plica tHis anq its evaluation as a food for larval anchovies . Mar. Bio ., 
10: 183-188. 
Theilacker, G. and Dorsey, K., 1980. Larval fish diversity; a summary pf 
laboratory and field research. IOC Workshop Rep., 28: 105-142. 
Theilacker, G. H and Kimball , A. S., 1984. Comparative quality of rotifers and 
copepods as food for larval fishes. ca/COFI Rep., 25: 80-86. 
Tiwari , K. K. and Sharma, B. K., 1977. Rotifers in the Indian Museum Tank, 
Calcutta. Sci. Cult., 43: 280-282. 
Trivedi , R. C., 1981 . Use of diversity index in evaluation of water quality, In: WHO 
workshop on biological indicator and indices of environmental 
pollution. Cent. Bd . Prevo Cont. Water Pol l. Osm. Univ., Hyderabad, 
India, pp. 175-188. 
Trotta , P., 1983. An indoor solution for mass production of the marine rotifer 
Brachionus plica tHis Muller fed on the marine microalga Tetraselmis 
suecica. Butcher. Aquacult. Engin., 2: 93-100. 
Tschugunoff, H. L., 1921 . A study of the plankton of the arctic regions of the 
Caspian Sea (In Russian). Report of the Volga Biological Station , 
No. 6 , pp. 364-411 . 
Tucker, T. w., 1994. Spawning by captive Serranid Fishes : A Review. J. World 
Aquacult. Soc., 25 (3): 353-358. 
Turano, M. C. , Davis , D. A. and Arnold, C. R. , 2000. Observations and 
techniques for maturation, spawning and larval rearing of the 
yellowtail snapper, Ocyurus chrysurus. J. World Aquacult. Soc., 
31 (1): 59-65 . 
Van Hofsten, N., 1909. Rotatorien aus dem Mastermyr (Gottland) und einigen 
anderen Schwedischen Binnengewassem. Ark. Zool. Stockholm., 
6:1-10 
325 
Varga, L. , 1951 . Brachionus sessilis n. sp ., lJj kerekesfereg-faj a Balatonb61. Arb. 
Ung. Bioi. Forsch Isti., 20: 217-224. 
Vasisht, H. S. and Gupta, C. L., 1967. The rotifer fauna of Chandigarh . Res. BUll. 
(N.S) Punjab. Univ., 18: 495-496. 
Vasisht, H. S. and Dawar, B. L., 1968. The male of the rotifer Cupelopagis vorax 
(Leidy). Curro Sci., 37: 466-467. 
Vasisht, H. S. and Bathish. S. K. , 1969. The rotifer fauna of North India. I. 
Scaridium Ehrenberg. Res. Bull. (N. S) Punjab Univ., 20: 593-594. 
Vasisht, H. S. and Bathish. S. K., 1970. The rotifer fauna of North India-II. 
Trichocera porcellus. Res. Bull (N. S) Punjab Univ., 21 : 515. 
Vasisht, H. S. and Bathish. S. K., 1971a. The rotifer fauna of North India: 
Brachionus. Res. Bull. (N. S) Punjab Univ., 22: 179-188. 
Vasisht, H. S. and Bathish. S. K., 1971b. The rotifer fauna of North India. 
Lepadella and Colurella. Res. Bull (N. S) Punjab Univ., 21 : 189-
192. 
Vasisht, H. S. and Bathish. S. K. , 1971c. The rotifer fauna of North India. 
Platyias, Keratella , Anuraeopsis, Mytilina and Euchlanis . Res. Bull 
(N.S) Punjab Univ., 22 331-337. 
Vasisht, H. S. and Bathish. S. K., 1971 d. The rotifer fauna of North India. Lecane 
and Monostyla. Res. Bull (N. S) Punjab Univ., 22: 353-358. 
Vasisht, H. S. and Sharma, B. K., 1976. Seasonal abundance of rotifer 
population in a freshwater pond in Ambala City (Haryana), India. J. 
Zool. Soc. India., 28(1 & 2): 35-43. 
Villegas , C. T., 1990. The effects on growth and survival of feeding water fleas, 
Moina macrocopa (Straus) and rotifers (Brachionus plicatilis) to 
milkfish Chanos chanos (Forsskal) fry. The Israeli J. Aquacult., 
Bamidgeh 42(1):10-17. 
Vinberg , G. G. and Galkovskaya, G. A. , 1979. Relationship between the 
development rate of rotifers and temperature. In: Vkn . Obschyie 
osnovyiznchieniya vodnykh ekosistiem. L. Nauka, pp. 149-155. 
326 
Virro, T ., 1993. Rotifers from Lake Yaskhan, Turkmenistan. Limnologica 23: 233-
236. 
Virro, T. and Haberman, J ., 1993. The rotifers of Lake Peipus. Hydrobiologia 
255/256: 389-396. 
Voigt , M., 1957. Rotatoria . Die Radertiere Mitteleuropas, Textband II , Tafelband . 
Gebriider Borntraeger, Ber1in-Nikolassee, 508pp . 
Vonshak, A. , 1986. Laboratory techniques for the cu~ivation of microalgae. In: 
CRC Handbook of microalgae mass cu~ure . (ed . Richmond , A.). 
CRC Press, Inc., Baca Raton , Florida, USA, pp. 117-145. 
Walz, N., 1983. Continuous culture of the pelagic rotifers Keratel/a each/earis and 
Brachionus angu/aris. Arch. Hydrobio/., 98: 70-92 . 
Walz, N., 1987. Comparative population dynamics of Braehionus angu/aris and 
Keratel/a eachlearis. Hydrobiologia 147: 209-213. 
Walz, N. , 1997. Rotifer life history strategies and evolution in freshwater plankton 
communities . In: Evolutionary Ecology of freshwater animals, (ed. 
Streit, B., Stadler, T. and Lively, M.), Birkhauser Vertag , Basel, pp . 
119-149. 
Walz, N. and Gschloessl, T., 1988. Functional response of ingestion and filtration 
rate of the rotifer Braehionus angu/aris to the food concentration. 
Vern. Int. Ver. Limnol., 23: 1993-2000. 
Wallace, R. L and Snell , T. w. , 1993. Rotifera. In: Ecology and classification of 
North American freshwater invertebrates (ed . Thorpe, J. Hand 
Covich, A. P.), Academic Press, New York. pp. 187-248. 
Wankowsky, J. W. J., 1979. Morphological limitations , prey size selectivity and 
growth response of juvenile Atlantic salmon , Salmo safar. J. Fish 
BioI., 14: 89-100. 
Watanabe, T., 1980. Studies on the improvement of feeding techniques for 
rearing the larvae of Penaeus semisuleatus. Kuwait Ins!. Scientific 
Research . Special Publication , KISRlPP1012/FRM-RT-R-8001 , 
24pp 
Warren , C. F., 1971 . Biology and water pollution control. (ed. W. B. Saunders) , 
London , 458pp. 
327 
Watanabe, T. , Kitajima, C. and Fajita, S., 1983. Nutritional value of live 
organisms used in Japan for mass culture of fish: A review. 
Aquaculture 34: 115-143. 
Welch , P. S., 1952. Limnological methods. Philadelphia, the Blankston Company, 
London. 
Wesenberg-Lund , C. , 1930. Contributions to the biology of the Rotifera. II. The 
periodicity and sexual periods. K. danske Vidensk. , Selsk. Nal-
math. Afd., 9: 1-230. 
Wierzejski , A. , 1891 . Liste des Rotiferes observes en Galicie (Autriche-Hongrie). 
Bull. Soc. Zool. Fr., 16: 49-52. 
Wierzejski , A., 1929. Zwei neue Radertierarten: Pedalia intermedia n. sp. und 
Paradicranophorus limosus n. g. n. sp. Bull. Acad. Polan. Sci. lett. 
CI. Sci. nat. , Krakau, Ser. , B (II): 137-153. 
Wiszniewski , J., 1934. Les males des rotiferes psammiques . In: Memoires de l 
Academie Polonaise des Science et Lettres Serie B, pp. 143-165. 
Wiszniewski, J., 1954. Materiaux relatifs a la nomenclature et a la bibl iographie 
des Rotiferes. Polskie. Arch. Hydrobiol., II (XV) , 2: 7-250. 
Witt, U., Quantz, G., Kuhlmann, D. and Kattner, G. , 1984. Survival and growth of 
turbot larvae Scophthalmus maximus L. reared on different food 
organisms with special regard to long chain polyunsaturated fatty 
acids . Aquaculture Engineering 3: 177-190 
Whittaker, R. H., 1965. Dominance and diversity in land plant communities. 
Science 147: 250-260. 
Wulfert , K. , 1935. Beitrage zur Kenntnis der Radertierfauna Deutschlands.1. Teil. 
Arch. Hydrobiol., 28: 583-602. 
Wulfert , K., 1943. Radertiere aus dem Salzwasser von hermannsbad. Zool. Anz., 
143: 164-172. 
Wulfert, K., 1956. Die Radertiere des Teufessees bei Friedrichshagen. Arch. 
Hydrobiol. , 51 (4): 457-495. 
Wulfert, K., 1960a. Die Radertiere saurer Gewasser der Dubener Heide. 1. Arch. 
Hydrobiol., 56: 261 -298. 
328 
Wulfert , K. , 196Gb. Die Radertiere Heide 2. Arch. Hydrobiol., 56 (4): 311-333 
Wulfert , K., 19.64. Unsere gegenwartige Kenntnis der Rotatoriengattung 
Macrochaetus. Umnologica (Berlin) 2(3): 347-366. 
Wulfert, K., 1965. Revision der Rotatorien Gattung Platyias Harring, 1913. 
Umnologica (Berlin) 3: 41-64. 
Wulfert. K., 1966. Rotatorien aus dem Stausee Azwa und der Trinkwasser 
Aufbereitung der Stad Baroda (Indian) . Umnologica (Berlin) 4: 53-
93. 
Wyeliffe, M. J. and Michael, R. G., 1968. Pseudoembata acutipoda gen. et. Sp. 
Nov. (Rotifera : Bdelloidea), an epizoiC' rotifer. Curr. Sci., 37: 106-
108. 
Yilong , X. and Xiangfei , H., 1999. Effect of pH on population dynamics and 
resting egg of Brachionus calyciflorus Pallas . J. Fish. Sci., (China) 
6(3): 1-7 
Yoshinaga , T. , Hagiwara, A. and Tsukamoto, K., 2003. Life history response and 
age-specific tolerance to starvation in Brachionus plicatilis O. F. 
Muller (Rotifera). J. Exp. Mar. BioI. Ecol., 287: 261-271 . 
Yufera , M., 1982. Morphometric characterization of a small-sized strain of 
Brachionus plicatilis in culture. Aquaculture 27: 55-61 . 
Yufera, M., 1987. Effect of algal diet and temperature on the embryonic 
development of the rotifer Brachionus plica tHis in culture. 
Hydrobiologia147: 319-322 
Yufera, M. and Pascual, E., 1985. Effects of algal food concentration on feeding 
and ingestion rates of Brachionus plicatilis in mass culture. 
Hydrobiologia 122: 181-187. 
Yufera, M. and Lubian, L. M., 1990. Effects of microalgal diet on growth and 
development of invertebrates in marine aquaculture . In: Introduction 
to Applied Physiology, (ed . Akaskuta, I.), SPB Academic publishing , 
The Hague, pp. 209-227. 
Yufera , M. and Navarro, N. , 1994. Population growth dynamiCS of the rotifer 
Brachionus plicatilis cultured in non-limiting food condition. 
Hydrobiologia 313/314: 399-405. 
329 
\ 
Yufera , M., Rodriguez, A and Lubian, L. M., 1984. Zooplankton ingestion and 
feeding behaviour of Penaeus kerathurus larvae reared in the 
laboratory. Aquaculture 42: 217-224. 
Yufera , M., Parra , G. and Pascual, E., 1997. Energy content of rotifers 
(Brachionus plicatilis and Brachionus rotundiformis) in relation to 
temperature. Hydrobiologia 358: 83-87. 
Yurochko, Y. S. , 1976. A quantitative evaluation of the comparative selection of 
food organisms by fish . J. Ichthyology. , 16: 814-821 . 
Zacharias , 0 ., 1898. Untersuchungen uber das Plankton der Teichgewasser. 
Forsch Ber. Bioo. Sin PIOn., 6: 89-139. 
Zhao, Y. and King , C. E., 1989. Ecolog ical genetics of the rotifer Brachionus 
plicatilis in Soda Lake, Nevada, USA. Hydrobiologia 185: 175-181 . 
330 
